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I . INTRODUCTION

A t  t h e  t i m e  o f  t h e  n a t i o n a l  a w a k e n i n g  a b o u t  e n v i r o n m e n t a l  i s s u e s  t h a t

o c c u r r e d  i n  t h e  l a t e  1 9 6 0 ’ s ,  a  g r e a t  d e a l  o f  p u b l i c  a n d  s c i e n t i f i c  a t t e n t i o n

w a s  f o c u s e d  o n  s t a t i s t i c a l  r e l a t i o n s h i p s  b e t w e e n  a i r  p o l l u t i o n  a n d  h u m a n

h e a l t h . Wh i le  th i s  research  was  under taken  w i th  a  la rge  measure  o f  academic

c u r i o s i t y , a  ma jo r  impetus  was  p rov ided  by  Federa l  government  agenc ies ,  such

as  the  Un i ted  Sta tes  Env i ronmenta l  Pro tec t ion  Agency  and i t s  p redecessors .

T h e  m o t i v a t i n g  f a c t o r  f o r  t h i s  a g e n c y  e n c o u r a g e m e n t  w a s  a  l a u d a b l e  d e s i r e  t o

e s t a b l i s h  s c i e n t i f i c  e v i d e n c e  f o r  r e g u l a t i o n s  d e s i g n e d  t o  m i t i g a t e  a n y  d e t r i -

m e n t a l  h e a l t h  c o n s e q u e n c e s  o f  a i r  p o l l u t i o n . F o r  a  t i m e  i n  t h e  m i d - 1 9 7 0 ’ s ,

t h e  s u b j e c t , t h o u g h  c o n t i n u i n g  t o  b e  d i s c u s s e d  i n  s c i e n t i f i c  c o u n c i l s ,  d i d

n o t  c a p t u r e  m u c h  p u b l i c  a t t e n t i o n ,  p e r h a p s  b e c a u s e  o f  s u b s t a n t i a l  r e d u c t i o n s

i n  t h e  a m b i e n t  c o n c e n t r a t i o n s  o f  s e v e r a l  c o m m o n  a i r  p o l l u t a n t s . However ,  w i th

t h e  i m m e d i a t e  t h r e a t  t h a t  s w i t c h i n g  f r o m  o i l  a n d  n a t u r a l  g a s  t o  c o a l  f u e l s

p o s e s  t o  t h e  p r o g r e s s  o f  a  d e c a d e  i n  c o n t r o l l i n g  a i r  p o l l u t i o n ,  t h e  a f o r e -

m e n t i o n e d  s t a t i s t i c a l  r e l a t i o n s h i p s  a r e  a g a i n  a  s u b j e c t  o f  p u b l i c  a s  w e l l  a s

s c i e n t i f i c  s c r u t i n y .

I n  t h i s  p a p e r ,  w e  a s s e s s  t h e  e x t e n t  t o  w h i c h  e x i t i n g  e p i d e m i o l o g i c a l

r e s e a r c h  c a n  b e  i n t e r p r e t e d  a s  s t a t i s t i c a l l y  d e m o n s t r a t i n g  a  r e l a t i o n s h i p

b e t w e e n  a i r  p o l l u t i o n  a n d  h u m a n  h e a l t h  s t a t u s .  W e  a l s o  p r e s e n t  s o m e  a d d i -

t i o n a l  s t a t i s t i c a l  r e s e a r c h  o f  o u r  o w n . T h e  n e x t  s e c t i o n  i s  a  c r i t i c a l  r e v i e w

o f  t h e  m e t h o d o l o g i c a l  u n d e r p i n n i n g s  o f  e x i s t i n g  r e s e a r c h  i n  a i r  p o l l u t i o n

ep idemio logy . S o  a s  n o t  t o  e x e m p t  o u r  p r e v i o u s  w o r k  f r o m  t h i s  c r i t i c a l



r ev i ew , w e  d e v o t e  a  t h i r d  s e c t i o n  t o  s e l f - a p p r a i s a l . A  f o u r t h  s e c t i o n  p r e s e n t s

s o m e  n e w  e m p i r i c a l  r e s u l t s  m e a n t  t o  r e s p o n d  t o  s e v e r a l  o f  t h e  f a u l t s  w e  c o n -

f e s s e d  i n  t h e  t h i r d  s e c t i o n . The two concluding sect ions summarize what

we th ink  we  have  thus  fa r  lea rned  and  make  some sugges t ions  fo r  fu tu re  re -

search .

I I . A CRITICAL REVIEW OF OTHERS’ WORK

M u c h  o f  t h e  r e c e n t  w o r k  i n  a i r  p o l l u t i o n  e p i d e m i o l o g y  h a s  f o c u s e d  u p o n

e s t i m a t i o n  o f  s o m e  v e r s i o n  o f  t h e  f o l l o w i n g  e x p r e s s i o n :

(1)

w h e r e  H  i s  a  m e a s u r e  o f  m o r b i d i t y  o r  m o r t a l i t y ,  P  i s  a  m e a s u r e  o f  p o l l u t i o n ,

X  i s  a  s e t  o f  o t h e r  v a r i a b l e s  t h o u g h t  t o  i n f l u e n c e  h e a l t h  s t a t u s ,  u  i s  a n

e r r o r  t e r m  t h a t  c a p t u r e s  t h e  e f f e c t s  o f  u n m e a s u r e d  i n f l u e n c e s  u p o n  h e a l t h

s t a t u s , i  i n d e x e s  t h e  i n d i v i d u a l s  o r  g r o u p s  o f  i n d i v i d u a l s  i n  a  s a m p l e ,  a n d

a ,  b ,  and  c  a re  paramete rs  to  be  es t imated . E p i d e m i o l o g i c a l  w o r k  o f  t h i s

s o r t , a  la rge  par t  o f  wh ich  has  been  done  be  economis ts ,  p resumes tha t  the re

e x i s t s  a  d i s t r i b u t i o n  a c r o s s  i n d i v i d u a l s  o f  t o l e r a n c e s  t o  a i r  p o l l u t a n t s  a n d

t h a t  t h e r e  e x i s t  s o m e  i n d i v i d u a l s  f o r  w h o m  a n y  a i r  p o l l u t i o n  e x p o s u r e s  w h a t -

s o e v e r  w i l l  t r i g g e r  a  d e c l i n e  i n  h e a l t h  s t a t u s . Th is  p respec t ive  may be

c o n t r a s t e d  w i t h  a n o t h e r ,  c o m m o n  t o  m a n y  e p i d e m i o l o g i c a l  s t u d i e s  o r i g i n a t i n g

i n  t h e  b i o m e d i c a l  d i s c i p l i n e s  a n d  s a n c t i f i e d  i n  e x i s t i n g  F e d e r a l  c l e a n  a i r

l e g i s l a t i o n , w h i c h  p o s i t s  a  p o s i t i v e  l e v e l  o f  a i r  p o l l u t i o n  b e l o w  w h i c h  n o

i n d i v i d u a l  w i l l  s u f f e r  a  d e c l i n e  i n  h e a l t h  status’.

T w o  r e c e n t  e m p i r i c a l  a p p l i c a t i o n s  o f  t h e  l a t t e r  p e r s p e c t i v e  a r e  M o r r i s ,

e t  a l .  ( 1 9 7 6 )  a n d  B a u h u y s ,  e t  a l .  ( 1 9 7 8 ) . i n s p i r e d  b y  t h e  p r i n c i p l e s  o f

t h e  r e s e a r c h e r s  i n  e a c h  o f  t h e s e  s t u d i e s  s e l e c t e d  t w oe x p e r i m e n t a l  d e s i g n ,

c o m m u n i t i e s  s i m i l a r  i n  m o s t  r e s p e c t s  o t h e r  t h a n  a i r  p o l l u t i o n .  U s i n g  a n a l y -
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s i s  o f  v a r i a n c e  t e c h n i q u e s , s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n  h e a l t h

s ta tus  be tween the  popu la t ions  o f  the  communi t ies  were  then  sought . Whether

o r  n o t  t h e s e  d i f f e r e n c e s  w e r e  f o u n d ,  t o x i c o l o g i c a l  e v i d e n c e  f r o m  l a b o r a t o r y

s t u d i e s  w a s  t h e n  c i t e d  t o  p r o v i d e  a  b a s i s  f o r  r e j e c t i n g  o r  f a i l i n g  t o  r e j e c t

a i r  p o l l u t i o n  a s  a  c a u s e  o f  t h e  d i f f e r e n c e . M a n y  o f  t h e  c i t e d  l a b o r a t o r y

s t u d i e s  a r e ,  i n  p r i n c i p a l , s t r u c t u r e d  i n  t h e  s a m e  f a s h i o n  a s  t h e  e p i d e m i o -

l o g i c a l  s t u d i e s ;  t h a t  i s , the  exper imente r  takes  a  t rea tment  g roup  and  a

c o n t r o l  g r o u p  o f  s i m i l a r  i n d i v i d u a l  o r g a n i s m s  a n d  i n c r e a s e s  t h e  p o l l u t i o n

e x p o s u r e s  o f  t h e  t r e a t m e n t  g r o u p  u n t i l  a  d e c l i n e  i n  h e a l t h  s t a t u s  i s  o b s e r v e d .

T h e  p o l l u t i o n  l e v e l  a t  w h i c h  t h i s  d e c l i n e  i s  f i r s t  o b s e r v e d  i s  t h e n  s a i d  t o

b e  t h e  t h r e s h o l d  a t  w h i c h  p o l l u t i o n  i s  u n i v e r s a l l y  unhealthy .  P r a c t i t i o n e r s

o f  th i s  perspec t i ve  genera l l y  agree  tha t  mos t  subs tances  common ly  te rmed a i r

p o l l u t a n t s  c a n  h a v e  d e l e t e r i o u s  h u m a n  h e a l t h  e f f e c t s .  T h e  c o n t r o v e r s i e s

a m o n g  t h e m  e r u p t  o v e r  t h e  t h r e s h o l d  p o l l u t i o n  l e v e l s  a t  w h i c h  t h e s e  e f f e c t s

emerge  and  whether  these  th resho ld  leve ls  a re  found  in  everyday  human env i -

ronments. Because  the  methods  p rov ide  no  in fo rmat ion  on  the  magn i tudes  o f  any

e f f e c t s  t h a t  d o  e x i s t , t h e  c o n t r o v e r s i e s  a r e  l i m i t e d  t o  q u e s t i o n s  o n  t h e  s t a t -

i s t i c a l  d e t e r m i n a t i o n  o f  t h e  e x i s t a n c e  o f  a n  e f f e c t .

U n l e s s  a l l  f a c t o r s  t h a t  c o n t r i b u t e  t o  d i f f e r e n c e s  i n  h e a l t h  s t a t u s  a c r o s s

i n d i v i d u a l s  a n d  l o c a t i o n s  c a n  b e  c o n t r o l l e d ,  t h e  w e a k n e s s e s  i n h e r e n t  i n

e m p i r i c a l  a p p l i c a t i o n s  o f  t h e  a b o v e  p e r s p e c t i v e  a r e  a p p a r e n t . I n  p a r t i c u l a r ,

s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t h e  h e a l t h  s t a t e s  o f  t w o  g r o u p s

o f  i n d i v i d u a l s  m a y  n o t  b e  o b s e r v a b l e  b e c a u s e  t h e  c o n t r i b u t i o n s  o f  a i r

p o l l u t i o n  t o  t h e  t r u e  d i f f e r e n c e s  a r e  o v e r w h e l m e d  b y  u n c o n t r o l l e d  f a c t o r s .

A n y  p e r c e i v e d  t h r e s h o l d  i s  t h e n  m o r e  a  m a t t e r  o f  e x p e r i m e n t a l  d e s i g n  r a t h e r

t h a n  o f  e f f e c t : p e r c e p t i o n  o f  w h e r e  t h e  t h r e s h o l d  l i e s  w i l l  d i f f e r  w i t h  t h e
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e x t e n t  t o  w h i c h  t h e  i n v e s t i g a t o r  i s  i n i t i a l l y  a b l e  t o  m a k e  h i s  s a m p l e s  i d e n t -

i c a l  i n  a l l  b u t  t h e i r  a i r  p o l l u t i o n  e x p o s u r e s . Moreover, e v e n  i f  t h e  s a m p l e s

a r e  i d e n t i c a l , t h e  o u t s i d e  o b s e r v e r  g e t s  t h e  s t r o n g  i m p r e s s i o n  t h a t  t h e r e

e x i s t s  g r e a t  c o n f u s i o n  a b o u t  t h e  c r i t e r i a  f o r  e x p e r i m e n t a l  d e s i g n ,  t h e

p h y s i o l o g i c a l  a n d  m e t a b o l i c  r e s p o n s e s  t h a t  c o n s i t u t e  e x c e s s  h e a l t h  i m p a c t s ,  t h e

v a l i d i t y  o f  e x t r a p o l a t i n g  f r o m  a n i m a l s  t o  h u m a n s , and  the  p rocesses  tha t  gen-

e r a t e  a n y  d e f i n e d  h e a l t h  impact3.

A s  i s  w e l l  k n o w n ,  t h e  m u l t i v a r i a t e  r e g r e s s i o n  p r o c e d u r e s  u s u a l l y  u s e d  b y

e c o n o m i s t s  i n v e s t i g a t i n g  t h e  h e a l t h  e f f e c t s  o f  a i r  p o l l u t i o n  a l l o w  e x p l i c i t

d i s c r i m i n a t i o n  b e t w e e n  t h e  e f f e c t s  o f  a i r  p o l l u t i o n ,  t h e  e f f e c t s  o f  o t h e r

o b s e r v e d  c o n t r o l  f a c t o r s , and  the  e f fec ts  o f  unobserved ,  p resumab ly  random

f a c t o r s . A l t h o u g h  t h e  e s t i m a t e d  h e a l t h  e f f e c t s  o f  p o l l u t i o n  w i l l  b e  b i a s e d

i f  s o m e  o f  t h e  a s s u m e d  r a n d o m  f a c t o r s  v a r y  s y s t e m a t i c a l l y  w i t h  p o l l u t i o n ,  t h e

c o n t i n u o u s  c o v a r i a t i o n  b e t w e e n  h e a l t h  s t a t e s  a n d  p o l l u t i o n  t h a t  t h e  p r o c e d u r e s

permi t  does  no t  fo rce  one  to  adop t  the  amb iguous  no t ion  o f  a  human hea l th

e f f e c t s  t h r e s h o l d  b e f o r e  r e s e a r c h  i s  e v e n i n i t i a t e d
4

. N e i t h e r  i s  t h e  i n v e s -

t i g a t o r  p u t  i n  t h e  u n c o m f o r t a b l e  p o s i t i o n  o f  h a v i n g  t o  a s s i g n  t h e  r e s i d u a l

( “ e x c e s s ”  d e a t h s  o r  i l l n e s s e s )  t o  s o m e t h i n g  p a r t i c u l a r  s u c h  a s  a i r  p o l l u t i o n .

T h e  f i r s t  a t t e m p t  t o  i n v e s t i g a t e  t h e  h e a l t h  e f f e c t s  o f  a i r  p o l l u t i o n  a t

a  n a t i o n a l  l e v e l  w i t h o u t  t h e  r e s u m p t i o n  o f  a  t h r e s h o l d  w a s  t h e  p a t h b r e a k i n g

e f f o r t  o f  L a v e  a n d  S e s k i n  ( 1 9 7 0 ) .  U s i n g  1 1 4  U . S .  m e t r o p o l i t a n  a r e a s  a s  u n i t s

o f  a n a l y s i s ,  t h e y  e m p l o y e d  s i n g l e  e q u a t i o n ,  o r d i n a r y - l e a s t - s q u a r e s  m e t h o d s

a i r  p o l l u t i o n  e x i s t e d .  T h i s  o r i g i n a l  s t u d y  h a s  i n s p i r e d  a  s u b s t a n t i a l  n u m b e r

t o  r e g r e s s  1 9 6 0  m o r t a l i t y  r a t e s  l i n e a r l y  u p o n  a m b i e n t  c o n c e n t r a t i o n s  o f

s u l f a t e s  a n d  p a r t i c u l a t e s , a n d  o t h e r  p l a u s i b l e  i n f l u e n c e s  u p o n  m o r t a l i t y .

T h e y  t e n t a t i v e l y  c o n c l u d e d  t h a t  s t a t i s t i c a l l y  s i g n i f i c a n t  h e a l t h  e f f e c t s  o f
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o f  s i m i l a r  s u b s e q u e n t  s t u d i e s , i n c l u d i n g  t h e  c u l m i n a t i n g  e f f o r t  o f  L a v e  a n d

S e s k i n  (1977)5. W i t h o u t  e x c e p t i o n , a l l  h a v e  d i s c e r n e d  a  c l o s e  a n d  s u b -

s t a n t i a l  i n v e r s e  a s s o c i a t i o n  b e t w e e n  m o r t a l i t y  r a t e s  a n d  o n e  o r  m o r e  a i r  p o l -

l u t a n t s . Recent ly  however , two s tud ies  have  become ava i lab le  tha t  shou ld

g i v e  c o n s i d e r a b l e  p a u s e  t o  t h o s e  w i s h i n g  t o  a c c e p t  t h e  L a v e - S e s k i n ,  e t  a l .

f i n d i n g s .

Smi th  (1977) , u s i n g  d a t a  f o r  5 0  U . S .  m e t r o p o l i t a n  a r e a s  i n  1 9 6 8 - 1 9 6 9 ,

a p p l i e d  v e r s i o n s  o f  t h e  R a m s e y  ( 1 9 6 9 )  t e s t s  f o r  s p e c i f i c a t i o n  e r r o r  i n  t h e

g e n e r a l  l i n e a r  m o d e l  t o  3 6  d i f f e r e n t  s i n g l e  e q u a t i o n  s p e c i f i c a t i o n s . These

s p e c i f i c a t i o n s  w e r e  s i m i l a r ,  a n d  o f t e n  i d e n t i c a l ,  t o  t h o s e  g r e e t e d  w i t h

t h e  m o s t  a p p r o v a l  b y  t h e  a u t h o r s  o f  t h e  L a v e - S e s k i n ,  e t  a l .  l i t e r a t u r e .  N o n e

o f  t h e  s p e c i f i c a t i o n s  c o u l d  p a s s  a l l  o f  t h e  R a m s e y  ( 1 9 6 9 )  t e s t s  a t  t h e  1 0

p e r c e n t  l e v e l , a l t h o u g h  f o u r  p a s s e d  a l l  t e s t s  e x c e p t  t h a t  f o r  n o n - n o r m a l

e r r o r s .

The  Ramsey  (1969)  tes ts  a re  meant  to  be  used  to  assess  con fo rmi ty  w i th  the

b a s i c  a s s u m p t i o n s  f o r  e r r o r  s t r u c t u r e  o f  t h e  c l a s s i c a l  l i n e a r  m o d e l .  T h e y

g ive  no  h in t  abou t  even ts  when a t tempts  a re  made to  cor rec t  fo r  one  o r

m o r e  o f  t h e  s p e c i f i c a t i o n s  e r r o r s . I n  a  r e c e n t  p a p e r ,  C r a c k e r - S c h u l z e ,  e t

a l .  ( 1 9 7 9 ,  p p .  2 4 - 7 1 )  u s e  1 9 7 0  m o r t a l i t y  d a t a  f r o m  6 0  c i t i e s  w h i l e  t r y i n g  t o

c o r r e c t  f o r  p o t e n t i a l  o m i t t e d  i n d e p e n d e n t  v a r i a b l e  a n d  s i m u l t a n e o u s  e q u a t i o n

problems. Upon  add ing  measures  o f  med ica l  ca re ,  c iga re t te  consumpt ion ,  and

d i e t  t o  t h e  s i n g l e  e q u a t i o n  L a v e - S e s k i n ,  e t  a l .  s p e c i f i c a t i o n s ,  t h e y  f o u n d

n o  s t a t i s t i c a l l y  s i g n i f i c a n t  e f f e c t  o f  n i t r o g e n  d i o x i d e ,  t o t a l  s u s p e n d e d

p a r t i c u l a t e s , a n d  s u l f u r  d i o x i d e  u p o n  t h e  r a t e  o f  t o t a l Reta in ing

t h e  f o r m e r  v a r i a b l e s , a n d  a c c o u n t i n g  f o r  t h e  p l a u s i b l e  s i m u l t a n e i t y  b e t w e e n

h e a l t h  s t a t u s  a n d  m e d i c a l  c a r e ,  d i d  n o t h i n g  t o  i m p r o v e  t h e  s t a t i s t i c a l  s i g n - .
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i f i c a n c e  o f  t h e  t h r e e  a i r  p o l l u t i o n  v a r i a b l e s . On the  p resumpt ion  tha t  these

f i n d i n g s  w e r e  s u f f i c i e n t  t o  d e m o n s t r a t e  t h e  w e a k n e s s  o f  t h e  L a v e - S e s k i n  t y p e

r e s u l t s , t h e  a u t h o r s  d i d  n o t  g o  o n  t o  a c c o u n t  f o r  t h e  o b v i o u s  s i m u l t a n e i t y

be tween med ian  age  (o r  percen tage  over  65  years )  and  mor ta l i t y  inc idence ,

i n c o m e  a n d  m o r t a l i t y  i n c i d e n c e , a n d  s e v e r a l  o t h e r  p l a u s i b l e  s o u r c e s  o f

s i m u l t a n e i t y .

T h e  r e s u l t s  o b t a i n e d  b y  S m i t h  ( 1 9 7 7 )  a n d  C r a c k e r - S c h u l z e ,  e t  a l .  ( 1 9 7 9 )

c a s t  d o u b t  u p o n  t h e  r o b u s t n e s s  o f  t h e  L a v e - S e s k i n ,  e t  a l .  e s t i m a t e s ,  i n

s p i t e  o f  t h e  n o - t h r e s h o l d  p e r s p e c t i v e  e m b o d i e d  i n  t h e s e  e s t i m a t e s . Never the-

l e s s ,  b e f o r e  d i s m i s s i n g  t h e  h y p o t h e s i s  o f  a n  i n v e r s e  r e l a t i o n  b e t w e e n  e v e r y -

d a y  a i r  p o l l u t i o n  l e v e l s  a n d  h e a l t h  s t a t e s , i t  m u s t  b e  r e c o g n i z e d  t h a t  L a v e -

S e s k i n ,  e t  a l , may  have  been ask ing  more  o f  the i r  da ta  than  i t  was  capab le

o f  g i v i n g7 . Less  than one in  every  100 peop le  d ies  in  the  U.S.  each year .

N o  b i o m e d i c a l  a u t h o r i t y  a s s e r t s  t h a t  a i r  p o l l u t i o n  i s  t h e  d o m i n a n t  c a u s e  o f  t h e

d e a t h s  t h a t  d o  o c c u r . M a n y  t a k e  t h e  v i e w  t h a t  i t  i s  t h e  d i r e c t  c a u s e  o f  n o

m o r e  t h a n  a  s m a l l  f r a c t i o n  o f  t h e s e  d e a t h s ,  a l t h o u g h  t h e y  w o u l d  a g r e e  t h a t

i t  m a y  b e  q u i t e  i m p o r t a n t  i n  i n t e n s i f y i n g  p r e d i s p o s i t i o n s  t o w a r d  m o r t a l i t y .

H o w e v e r ,  t h e  g e n e r a l  p r o p e r t i e s  o f  t h e  u n d e r l y i n g  p r o c e s s e s  t h a t  e n c o u r a g e

t h i s  p r e d i s p o s i t i o n  a r e  i l l - u n d e r s t o o d . T h u s ,  e v e n  w i t h  q u i t e  l a r g e  s a m p l e s ,

a v a i l a b l e  e s t i m a t i o n  t e c h n i q u e s  a n d  a  p r i o r i  k n o w l e d g e  m a y  b e  i n a d e q u a t e  f o r

d i s t i n g u i s h i n g  t h e  m o r t a l i t y  e f f e c t s  o f  a i r  p o l l u t i o n  i n  a  h u m a n  p o p u l a t i o n

s a m p l e  f r o m  a  h o s t  o f  s i m i l a r  a n d  p l a s i b l e  m i n o r  c o n t r i b u t i n g  f a c t o r s .

T h e  p o s s i b l e  i n a d e q u a c y  o f  m a n y  a v a i l a b l e  t e c h n i q u e s  f o r  e s t i m a t i n g  t h e

e x i s t e n c e  a n d / o r  m a g n i t u d e  o f  a i r  p o l l u t a n t - i n d u c e d  m o r t a l i t y  a p p l i e s  w i t h

s p e c i a l  f o r c e ,  g i v e n  t h e  d a t a  L a v e - S e s k i n  a n d  t h e i r  s u c c e s s o r s  h a d  t o  e m p l o y .

T h e i r  w o r k  c a n  b e  i n t e r p r e t e d  a s  a n  a t t e m p t  a t  e s t a b l i s h i n g  t h e  p r o b a b i l i t y
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o f  a  r e p r e s e n t a t i v e  i n d i v i d u a l  c u r r e n t l y  r e s i d i n g  i n  a  r e p r e s e n t a t i v e  r e g i o n

d y i n g  i n  a  g i v e n  y e a r  f r o m  a  g e o g r a p h i c a l l y  r e p r e s e n t a t i v e  l e v e l  o f  a i r  p o l -

l u t i o n  o c c u r i n g  i n  a  r e p r e s e n t a t i v e  y e a r .  S ince  they  had  no  in fo rmat ion

a b o u t  t h e  d i s t r i b u t i o n  o f  i n f l u e n t i a l  h e a l t h  f a c t o r s ,  i n c l u d i n g  a i r  p o l l u t i o n ,

a c r o s s  t h e  u r b a n  a r e a s  c o n s t i t u t i n g  t h e i r  u n i t s  o f  a n a l y s i s ,  t h e  i d e n t i f y i n g

8/v a r i a b i l i t i e s  o f  t h e i r  s a m p l e s  w e r e  p e r h a p s  d r a s t i c a l l y  r e d u c e d .  - W h e n

t h i s  r e l a t i v e l y  l o w  v a r i a b i l i t y  o f  t h e  s a m p l e s  i s  c o u p l e d  w i t h  w h a t  a r e

p r o b a b l y  s u b s t a n t i a l  m e a s u r e m e n t  e r r o r s  i n  t h e  a i r  p o l l u t i o n  v a r i a b l e s ,  t h e

b a g g a g e  o f  a d d i t i o n a l  e x p l a n a t o r y  v a r i a b l e s  a n d  m o r e  s o p h i s t i c a t e d  e s t i m a -

t i o n  t e c h n i q u e s  t o  c o r r e c t  f o r  s p e c i f i c a t i o n  e r r o r  t h a t  t h e  d a t a  a r e  a b l e

t o  c a r r y  m u s t  b e  r a t h e r  l i g h t .  T h e  a t t e m p t e d  c o r r e c t i o n s  m a y  s e r v e  o n l y  t o

mis in fo rm.  Furthermore,

t ion  s ince ,  as  Crocker  (1975 ,  pp .  350-351)  demons t ra tes ,  the  measure  o f

t h a t  w h i c h  i s  b e i n g  c o r r e c t e d  m a y  b e  o n l y  a n  a p p a r i -

( t h e  p r o b a b i l i t y  o f )  d e a t h ,  e m p l o y i n g  s o m e ,  g r o u p  o f  i n d i v i d u a l s  a s  t h e

f u n d a m e n t a l  u n i t  o f  o b s e r v a t i o n , c a n  d i f f e r  f r o m  o n e  g r o u p  t o  a n o t h e r ;  t h e r e

could be as many unique measures employed as there are groups.

T h e  p r e c e d i n g  r e m a r k s  l e a d  u s  t o  t h r e e  c o n c l u s i o n s .  F i r s t ,  g i v e n  t h e

b i o m e d i c a l  a n d  e c o n o m i c  s u b l e t i e s  i n h e r e n t  i n  c o m p r e h e n d i n g  t h e  e t i o l o g i e s

o f  a i r  p o l l u t i o n - i n d u c e d  m o r t a l i t y  a n d  m o r b i d i t y ,  t h e  e s t i m a t e s  o b t a i n e d

f r o m  a g g r e g a t e d  d a t a  u s e d  i n  t h e  g r e a t  b u l k  o f  e x t a n t  s t u d i e s  a r e  u n l i k e l y

e v e r  t o  b e  s u f f i c i e n t l y  c o m p e l l i n g  t o  e s t a b l i s h  a  c o n s e n s u s .  On ly  the  use  o f

a c t u a l  i n d i v i d u a l s  a s  f u n d a m e n t a l  u n i t s  o f  o b s e r v a t i o n  i s  l i k e l y  t o  p r o v i d e

e n o u g h  s t r a n g t h  i n  t h e  d a t a  b a s e  t o . c a r r y  t h e  r e q u i s i t e  s t a t i s t i c a l  b u r d e n s .

S e c o n d ,  t h e  s t a t i s t i c a l  b u r d e n s  t h a t  h a v e  t o  b e  c a r r i e d  m i g h t  b e  c o n s i d e r a b l y

l i g h t e n e d  i f  r e s e a r c h  c o n c e n t r a t e s  o n  b o r b i d i t y  r a t h e r  t h a n  m o r t a l i t y .  T h e
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f requency , a n d  m o s t  l i k e l y  t h e  i d e n t i f y i n g  v a r i a b i l i t y ,  o f  t h e  f o r m e r  i s

g r e a t e r  b y  a  f a c t o r  o f  f i f t e e n  o r  t w e n t y . F i n a l l y ,  b e c a u s e  o n e ’ s  h e a l t h

s t a t u s  i s  i n f l u e n c e d  b y  t h e  c h o i c e s  o n e  m a k e s  a b o u t  l i f e s t y l e s ,  e n v i r o n m e n t a l

a n d  o c c u p a t i o n a l  e x p o s u r e s  t o  p o s s i b l e  t o x i c s , a n d  o t h e r  h e a l t h - i n f l u e n c i n g

f a c t o r s , e c o n o m i c s  c a n  p r o v i d e  a  p r i o r i  h y p o t h e s e s  a n d  a n  a n a l y t i c a l  f r a m e -

w o r k  t o  l e n d  a d d i t i o n a l  s t r u c t u r e  t o  e p i d e m i o l o g i c a l  i n v e s t i g a t i o n s . The

r e l a t i o n s h i p s  w i t h  w h i c h  o b s e r v e d  r e a l  w o r l d  o u t c o m e s  a r e  c o n s i s t e n t  c a n ,

t h e r e f o r e ,  b e  f u r t h e r  n a r r o w e d .

I I I . A CRITICAL REVIEW OF OUR WORK

C r o c k e r - S c h u l z e ,  e t  a l . ,  ( 1 9 7 9 ) embod ies  bo th  mor ta l  i t y  and  morb id i t y

s t u d i e s . T h e  m o r t a l i t y  s t u d y  h a d  t h e  e s s e n t i a l l y  n e g a t i v e  p u r p o s e  o f  e m p i r i -

c a l l y  d e m o n s t r a t i n g  t h a t  t h e  e s t i m a t e s  d e r i v e d  i n  L a v e - S e s k i n  t y p e  s t u d i e s

a r e  n o t  a t  a l l  r o b u s t . The morb id i ty  s tudy  had the  more  pos i t i ve  purpose

o f  i n v e s t i g a t i n g  a i r  p o l l u t i o n  a n d  h u m a n  h e a l t h  s t u t u s  w i t h  a  d a t a  s e t  b e t t e r

a b l e  t o  b e a r  a d d e d  s t a t i s t i c a l  b u r d e n s  a n d  t o  a c c e p t  h y p o t h e s i s  t e s t i n g  a b o u t

t h e  i m p a c t  o f  m a n ’ s  f r e e  w i l l  u p o n  h e a l t h  s t a t u s . I n  t h i s  s e c t i o n ,  w e  b r i e f l y

d i s c u s s  s e v e r a l  e n t i r e l y  c o r r e c t  w a y s  i n  w h i c h  t h e  m o r b i d i t y  s t u d y  i s  s u s c e p -

t i b l e  t o  i n j u r y . S t r a n g e l y ,  a l t h o u g h  t h e  s t u d y  h a s  b e e n  c a r e f u l l y  p e r s u e d

b y  m a n y  i n t e r e s t e d  p a r t i e s , f e w  h a v e  h i t  i t  w h e r e  t h e i r  t h r u s t s  c o u l d  n o t

e v e n  b e g i n  t o  b e  c o u n t e r e d  w i t h o u t  a d d i t i o n a l  w o r k  o n  o u r  p a r t . Here, we

p r e s e n t  s o m e  o f  t h o s e  t h r u s t s .

D e p e n d i n g  a l m o s t  e n t i r e l y  u p o n  o r d i n a r y - l e a s t - s q u a r e s  ( O L S ) ,  t h e  m o r b i d i t y

s t u d y  e s t i m a t e d  t h e  e f f e c t  o f  a i r  p o l l u t i o n  u p o n  s e l f - r e p o r t e d  h e a l t h  s t a t u s

m e a s u r e d  a s  l e n g t h  o f  t i m e  c h r o n i c a l l y  i l l  a n d  a n n u a l  f r e q u e n c y  o f  a c u t e

i l l n e s s e s . E x p r e s s i o n s  l i n e a r  i n  t h e  o r i g i n a l  v a r i a b l e s  w e r e  e s t i m a t e d  f o r
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severa l  400  person  samp les  independen t l y  d rawn f rom a l l  househo ld  heads  in

the Panel Survey of Income Dynamics (PSID) [Survey Research Center (1972)]

w h o  h a d  a l w a y s  l i v e d  i n  o n e  s t a t e . A l though some a t ten t ion  was  devo ted  to

N02, a i r  po l lu t ion  was  genera l l y  measured  as  the  annua l  24 -hour  geomet r i c

m e a n  o f  SO2 a n d / o r  T S P  i n  t h e  h e a d ’ s  c o u n t y  o f  r e s i d e n c e  f o r  t h e  y e a r  ( 1 9 6 7 -

75) f rom which the sample was drawn. I n  a d d i t i o n  t o  a i r  p o l l u t i o n ,  m e a s u r e s

o f  t h e  i n t e n s i t y  o f  t h e  h e a d ’ s  i l l n e s s , h i s  b i o l o g i c a l  a n d  s o c i a l  e n d o w m e n t s ,

l i f e - s t y l e ,  a n d  w o r k , home,  and  ou tdoor  env i ronments  were ,  when ava i lab le ,

i n c l u d e d  a s  e x p l a n a t o r y  v a r i a b l e s . A i r  p o l l u t i o n  c o n t r i b u t e d  p o s i t i v e l y  a n d

s i g n i f i c a n t l y  t o  b o t h  c h r o n i c  a n d  a c u t e  i l l n e s s e s  i n  t h e  m a j o r i t y  o f  t h e

unpar t ioned  samples . Upon combin ing  these  dose- response es t imates  w i th  a

s i m p l e  r e c u r s i v e  l a b o r  s u p p l y  f o r m u l a t i o n , the  economic  impac t  o f  a i r -

p o l l u t i o n - i n d u c e d  c h r o n i c  i l l n e s s  u p o n  l a b o r  p r o d u c t i v i t y  w a s  e s t i m a t e d  t o

e x c e e d  t h a t  o f  a i r  p o l l u t i o n - i n d u c e d  a c u t e  i l l n e s s  b y  n e a r l y  a  f a c t o r  o f  2 0 .

T h e s e  r e s u l t s  e n c o u r a g e d  u s  t o  p r o c e e d  f u r t h e r ,  p a r t i c u l a r l y  w i t h  r e s p e c t

t o  i n v e s t i g a t i n g  a i r  p o l l u t i o n - i n d u c e d  c h r o n i c  i l l n e s s .  T h e  o b v i o u s  i n i t i a l

f u r t h e r  s t e p  w a s  t o  c o r r e c t  s o m e  o f  t h e  o u t s t a n d i n g  t e c h n i c a l  p r o b l e m s  i n  o u r

91t r e a t m e n t  o f  t h e  d o s e - r e s p o n s e  f u n c t i o n s  e s t i m a t e d  f r o m  t h e  P S I D  d a t a .  -

T h e s e  p r o b l e m s  f a l l  i n t o  t h r e e  g e n e r a l  c a t e g o r i e s : ( 1 )  t h e  d e f i n i t i o n  o f  s e l f -

r e p o r t e d  h e a l t h  s t a t u s ; ( 2 )  t h e  f a c t o r s  u s e d  t o  e x p l a i n  s e l f - r e p o r t e d  h e a l t h

s t a t u s ; a n d  ( 3 )  t h e  a l g o r i t h m  u s e d  t o  e s t i m a t e  s e l f - r e p o r t e d  h e a l t h  s t a t u s .

T h e  P S I D  d a t a  o n  t h e  c h r o n i c  i l l n e s s  h e a l t h  s t a t u s  o f  h o u s e h o l d  h e a d s

c o n s i s t s  o n l y  o f  r e s p o n s e s  t o  f o u r  q u e s t i o n s  s t a t e d  i n  t h e  f o l l o w i n g  o r d e r :

1. D o  y o u  h a v e  a  p h y s i c a l  o r  n e r v o u s  c o n d i t i o n  t h a t  l i m i t s  t h e  t y p e
o f  work  you  can  do  o r  the  amount  o f  work  tha t  you  can  do?

2. How much does  i t  l im i t  your  work?



3 . How long have you been limited in this way by your health?

4 . I s  i t  g e t t i n g  b e t t e r , worse ,  o r  s tay ing  about  the  same?

I n  t h e  c a s e  o f  t h e  f i r s t  q u e s t i o n ,  p e r s o n s  w e r e  a s k e d  f o r  a  y e s  o r  n o  a n s w e r ,

w h i l e  f o r  t h e  r e m a i n i n g  t h r e e  q u e s t i o n s  t h e  r e s p o n s e  c a l l e d  f o r  w a s  c a t e g o r -

i c a l .  T h e  r e s p o n s e  t o  q u e s t i o n  # 3  w a s  u s e d  a s  t h e  d e p e n d e n t  v a r i a b l e  i n

o u r  e a r l i e r  a n a l y s i s . However ,  the  responses  to  th is  ques t ion  were  recorded

ca tegor ica l l y  w i th  the  uppermost  ca tegory  be ing  bounded on ly  by  age . Moreover,

th is  response was cond i t iona l  upon the  response to  ques t ion  #1  and poss ib ly

q u e s t i o n  # 2 . For  these  reasons , i n t e r p r e t a t i o n  o f  t h e  e a r l  i e r  c h r o n i c  i l l n e s s

dose- response es t imates  requ i red  a  s t r ing  o f  assumpt ions  tha t  may  o r  may  no t

h a v e  b e e n  i m p o r t a n t  t o  s t a t e d  r e s u l t s . In  any case, i n  o r d e r  t o  a s s e s s  t h e

v a l i d i t y  o f  t h e  e a r l i e r  r e s u l t s , i t  i s  p r e f e r e b l e  t o  r e m o v e  a n y  c l o u d i n g

tha t  the  assumpt ions  may have in t roduced. The response to  ques t ion  #1  is

unambiguous.

Even though the  response  to  ques t ion  #1  i s  unambiguous  in  te rms o f  se l f -

r e p o r t e d  h e a l t h  s t a t u s , i t  n e e d  n o t  r e p r e s e n t  t h e  r e s p o n d e n t ’ s  c l i n i c a l

h e a l t h  s t a t u s .  M o r e  s p e c i f i c a l l y ,  i n d i v i d u a l s  m a y  n o t  b e  a l i k e  i n  t h e  w a y

t h e y  d e t e r m i n e  w h e t h e r  o r  n o t  t h e y  a r e  c h r o n i c a l l y  i l l . Economic  fac to rs

i n c l u d i n g  t y p e  o f  j o b ,  a c c e s s  t o  d i s a b i l i t y  b e n e f i t s ,  a n d  o t h e r  m e a s u r e s  o f

t h e  o p p o r t u n i t y  c o s t s  o f  n o t  w o r k i n g  m a y  b e  i m p o r t a n t  t o  t h i s  d e t e r m i n a t i o n .

For example, c o n s i d e r  t w o  p e r s o n s  w h o  a r e  a l i k e  i n  e v e r y  r e s p e c t  o t h e r  t h a n

t h e i r  h o u r l y  w a g e . T h e  p e r s o n  w i t h  t h e  l o w e r  o f  t h e  t w o  w a g e  r a t e s  w i l l  h a v e

a  l o w e r  o p p o r t u n i t y  c o s t  o f  n o t  w o r k i n g . H e  m a y  b e  p e r f e c t l y  h e a l t h y  b u t

d e s i r e  t o  w o r k  f e w e r  h o u r s  a n d  u s e  i l l n e s s  a s  a n  e x c u s e ,  o r  h e  m a y  a c t u a l l y

be  s ick  more  o f ten  than  h is  h igher  income coun te rpar t  because  he  does  no t

f i n d  i t  e c o n o m i c a l l y  a d v a n t a g e o u s  t o  b e  a s  h e a l t h y .
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T h e  p r e c e d i n g  s u g g e s t s  t h a t  o u r  e a r l i e r  e s t i m a t e d  c h r o n i c  I l l n e s s  d o s e -

response  express ions  migh t  be  b iased  because  economic  de te rminan ts  o f  se l f -

r e p o r t e d  h e a l t h  s t a t u s  w e r e  o m i t t e d . I n  a d d i t i o n  t o  t h e s e  e c o n o m i c  d e t e r -

minants , o t h e r ,  m o r e  t r a d i t i o n a l  l i f e - s t y l e ,  b i o l o g i c a l  e n d o w m e n t ,  m e d i c a l

c a r e , and  env i ronmenta l  de te rminan ts  were  omi t ted  o r  imper fec t l y  measured .

For example, t h e  e a r l i e r  e s t i m a t e s  i n c l u d e d  n o  i n f o r m a t i o n  o n  j o b  a c c i d e n t

r a t e s ,  a n d  u s e d  c i g a r e t t e  e x p e n d i t u r e s  a s  a n  i n d e x  o f  c i g a r e t t e  c o n s u m p t i o n .

These var iab le  exc lus ions  and  imper fec t l y  measured  exp lana to ry  var iab les  can

b i a s  t h e  e s t i m a t e d  c o n t r i b u t i o n  o f  a i r  p o l l u t i o n  t o  s e l f - r e p o r t e d  h e a l t h

s t a t u s .

F i n a l l y ,  g i v e n  t h e  c h r o n i c  i l l n e s s  h e a l t h  s t a t u s  v a r i a b l e  e m p l o y e d  i n

our  ear l i e r  work ,  the  use  o f  an  OLS es t imat ion  p rocudure  cou ld  have  been

i n a p p r o p r i a t e  f o r  t w o  r e a s o n s . F i r s t ,  s e l f - r e p o r t e d  h e a l t h  s t a t u s  m i g h t  h a v e

b e e n  d e t e r m i n e d  j o i n t l y  w i t h  s o m e  e x p l a n a t o r y  v a r i a b l e s  ( e . g . ,  l i e s u r e

e x e r c i s e , c i g a r e t t e  s m o k i n g ,  a n d  m e d i c a l  c a r e )  t h a t  w e r e  a l s o  c h o i c e  v a r i a b l e s .

OLS es t imates  o f  the  chron ic  i l l ness  dose- response express ion  wou ld  then  be

b i a s e d  a n d  i n c o n s i s t e n t . S e c o n d ,  t h e  h e a l t h  s t a t u s  v a r i a b l e  w a s  r e c o r d e d  i n

a  c a t e g o r i c a l  r a t h e r  t h a n  i n  a  c o n t i n u o u s  f a s h i o n . Th is  means  tha t  he te ro -

s k e d a s t i c i t y  c o u l d  b e  p r e s e n t  i n  t h e  O L S - e s t i m a t e d  c h r o n i c  i l l n e s s  d o s e -

r e s p o n s e  e x p r e s s i o n s  w i t h  a  c o n s e q u e n t  i n t r o d u c t i o n  o f  b i a s e s  i n  t h e  s t a n d a r d

e r r o r s  o f  t h e  a i r  p o l l u t i o n  c o e f f i c i e n t s . As McKelvey and Zavoina (1975)

show,  the  use  o f  OLS procedures  w i th  ca tegor ica l  dependent  var iab les  can

c a u s e  t h e  r e l a t i v e  i m p a c t s  o f  c e r t a i n  v a r i a b l e s  t o  b e  s e v e r l y  u n d e r e s t i m a t e d .
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IV. SOME NEW, BUT STILL LIMITED RESULTS

I n  t h i s  s e c t i o n ,  w e  p r e s e n t  s o m e  n e w  r e s u l t s  w h i c h ,  i n s o f a r  a s  a v a i l a b l e

d a t a  a l l o w ,  c o r r e c t  p a r t i a l l y  o r  w h o l l y  f o r  t h e  t e c h n i c a l  p r o b l e m s  r a i s e d

i n  t h e  p r e v i o u s  s e c t i o n . T h e  o u t s t a n d i n g  f a i l i n g  o f  t h e s e  n e w  r e s u l t s  i s

t h a t  w e  d o  n o t  c o n s t r u c t  a n  e x p l i c i t  a n a l y t i c a l  m o d e l  t o  a c c o u n t  f o r  t h e

e c o n o m i c  d e t e r m i n a n t s  o f  s e l f - r e p o r t e d  h e a l t h  s t a t u s . Instead, we do no

more  than  in t roduce exp lana tory  var iab les  such  as  fami ly  asse ts  and  un ion

m e m b e r s h i p  t h a t  w o u l d  p l a u s i b l y  h a v e  a  r o l e  t o  p l a y  i n  e x p r e s s i o n s  d e r i v e d

f r o m  a n y  a n a l y t i c a l  m o d e l  d e a l i n g  w i t h  t h e  e f f e c t  o f  t h e  o p p o r t u n i t y  c o s t s

o f  no t  work ing  upon perce ived  own hea l th  s ta tus .

T a b l e  1  l i s t s  t h e  v a r i a b l e s  w e  e m p l o y .  A l c o h o l  e x p e n d i t u r e s ,  n u m b e r s

o f  d a i l y  c i g a r e t t e s  s m o k e d , f r e e  a c c e s s  t o  m e d i c a l  c a r e ,  p h y s i c i a n  p o p u l a t i o n ,

c a r c i n o g e n i c  p o t e n t i a l  i n  t h e  w o r k p l a c e ,  p r e c i p i t a t i o n ,  w o r k p l a c e  j o b  a c c i d e n t

r a t e ,  c u r r e n t  t r a n s f e r  i n c o m e , and  un ion  membersh ip  a l l  rep resen t  va r iab les

t h a t  d i d  n o t  a p p e a r  i n  o u r  p r e v i o u s  c h r o n i c  i l l n e s s  d o s e - r e s p o n s e  e x p r e s s i o n s .

S e p a r a t e  s t r u c t u r a l  e x p r e s s i o n s  a r e  e s t i m a t e d  f o r  n u m b e r s  o f  d a i l y  c i g a r e t t e s

smoked,  whether  o r  no t  the  ind iv idua l  has  med ica l  insurance ,  and  whether  o r

n o t  h e  p a r t i c i p a t e s  i n  s t r e n u o u s  l i e s u r e  e x e r c i s e  o n  t h e  p r e s u m p t i o n  t h a t

t h e y  a r e  j o i n t l y  d e t e r m i n e d  w i t h  h e a l t h  s t a t u s . T o  a c c o u n t  f o r  p l a u s i b l e

n o n l i n e a r i t i e s  w i t h  r e s p e c t  t o  t h e  i m p a c t  o f  a g e  a n d  f o o d  e x p e n d i t u r e s  o n

h e a l t h  s t a t u s ,  s q u a r e d ,  a s  w e l l  a s  o r i g i n a l ,  v a l u e s  a r e  e n t e r e d  f o r  t h e s e

v a r i a b l e s .

s p e c i f i c a l l y ,  t h e  e s t i m a t i o n  p r o c u d u r e  t h e s e  a u t h o r s  p r o p o s e  i s  t o :

I n  v i e w  o f  t h e  c a t e g o r i c a l  n a t u r e  a n d  t h e  s i m u l t a n e i t y  o f  t h e  d e p e n d e n t

v a r i a b l e ,  t h e  e s t i m a t i o n  t e c h n i q u e  s e l e c t e d  w a s  t h e  t w o - s t a g e  l i m i t e d  d e p e n -

den t  va r iab les  (2SLDV)  approach  sugges ted  by  Ne lson  and  O lson  (1978) .  More

12



TABLE 1

COMPLETE VARIABLE DEFINITIONS

S e l f - R e p o r t e d  H e a l t h  S t a t u s  V a r i a b l e s

DSAB - L i m i t a t i o n  o n  w o r k  =  1 ;  o t h e r w i s e  =  0

LDSA - Disabled f o r 5 2 years = 1; 2 -4 y e a r s = 2 ; 5 - 7 years = 3 ;
zz  8  y e a r s  = 4 ;  o t h e r w i s e  =  0 .

B io log ica l  and  Soc ia l  Endowment  Var iab les

AGE -

EDUC -

FMSZ -

POOR -

SEX -

A g e  i n  y e a r s .

Completed.  6-8 grades = 2;  9-11 = 3;  12 grades = 4;  12 grades
p l u s  n o n - a c e d e m i c  t r a i n i n g  =  5 ;  c o l l e g e ,  n o  d e g r e e  =  6 ;
co l l ege  degree  =  7 ; advanced or professional  ‘degree = 8;
o t h e r w i s e  =  1 .

F a m i l y  s i z e  i n  n u m b e r  o f  p e r s o n s  i n  h o u s i n g  u n i t .

Stated that parents were poor "...when you were growing up..."
=  1 ;  o t h e r w i s e  =  0 .

Male = 1;  Female = 0.

L i f e s t y l e  V a r i a b l e s

ALKY -

CIGN -

FOOD -

LEXR -

A n n u a l  a l c o h o l  e x p e n d i t u r e s  X  10L p e r  a d u l t  f a m i l y  m e m b e r .

Number  o f  da i l y  c iga re t te  packs  smoked  per  adu l t  f am i l y  member .
T h i s  v a r i a b l e  w a s  c a l c u l a t e d  b y  d i v i d i n g  t h e  P S I D  d a t a  o n  1 9 7 0
c i g a r e t t e  e x p e n d i t u r e s  b y  t h e  1 9 7 0  r e t a i l  p r i c e  o f  a  p a c k  o f
c i g a r e t t e s  i n  t h e  1 9 7 0  s t a t e  o f  r e s i d e n c e .  R e t a i l  p r i c e  d a t a
was  taken  f rom Tobacco  Tax  Counc i l ,  Inc .  (1978 ,  pp .  67-69) .

F a m i l y  f o o d  c o n s u m p t i o n  r e l a t i v e  t o  f o o d  n e e d s  s t a n d a r d  i n
p e r c e n t .  C o n s u m p t i o n  r e f e r s  t o  f o o d  e x p e n d i t u r e s  i n  d o l l a r s
and  inc ludes  amounts  spen t  in  the  home,  schoo l ,  work ,  and
r e s t a u r a n t s , a s  w e l l  a s  t h e  a m o u n t  s a v e d  i n  d o l l a r s  b y  e a t i n g
a t  w o r k  o r  s c h o o l ,  r a i s i n g ,  c a n n i n g ,  o r  f r e e z i n g  f o o d ,  u s i n g
food stamps, a n d  r e c e i v i n g  f r e e  f o o d .  The food needs standard
is  in  do l la rs  and  i s  based on  USDA Low Cos t  P lan  es t imates  o f
w e e k l y  f o o d  c o s t s  a s  p u b l i s h e d  i n  t h e  M a r c h  1 9 6 7  i s s u e  o f  t h e
Family Economics Review. T h e  s t a n d a r d  i t s e l f  i s  c a l c u l a t e d  b y
mul t ip l y ing  the  a fo rement ioned  week ly  food  needs  by  52  and
m a k i n g  a  s e r i e s  o f  a d j u s t m e n t s  a c c o r d i n g  t o  f a m i l y  s i z e .

I n d i c a t i o n  t h a t  d o m i n a n t  l e i s u r e - t i m e  a c t i v i t i e s  i n v o l v e s
s t r e n u o u s  e x e r c i s e  =  1 ;  o t h e r w i s e  =  0 .  S t r e n u o u s  a c t i v i t i e s
w e r e  s a i d  t o  i n c l u d e  f i s h i n g ,  b o w l i n g ,  t e n n i s ,  c a m p i n g ,
t r a v e l ,  h u n t i n g ,  d a n c i n g ,  m o t o r c y c l i n g ,  e t c .

Hea l th  Care  Var iab les

HVET - Free  access  to  med ica l  ca re  as  a  ve te ran  o r  th rough  med ica id
=  1 ;  o t h e r w i s e  =  0 .

INSR - H a s  h o s p i t a l  o r  m e d i c a l  i n s u r a n c e  =  1 ;  o t h e r w i s e  =  0 .
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PHYS - P h y s i c i a n s  p e r  1 0 , 0 0 0  p o p u l a t i o n  i n  c o u n t y  o f  r e s i d e n c e  o n
J u l y  1 ,  1 9 7 5 . Th is  da ta  was  ob ta ined  f rom U.S.  Bureau  o f  the
Census (1978, Table 2) .

Env i ronmenta l  Var iab les

C A N X  -  A n  i n d e x  o f  w o r k p l a c e  “ c a r c i n o g e n i c  p o t e n t i a l ”  b y  t w o - d i g i t  S I C
code as presented in Hickey and Kearney (1977) and determined
b y  d i v i d i n g  t h e i r  T a b l e  8  b y  t h e i r  T a b l e  7 .  W e  a r e  a w a r e  t h a t  t h e s e
a u t h o r s  i n s i s t  t h a t  " . . . t h e  m a g n i t u d e  o f  t h e  d e r i v e d  c a r c i n o -
g e n i c  p o t e n t i a l  i s  n o t  s u i t a b l e  f o r  a n y  h e a l t h  h a z a r d  i n f e r e n c e ”
( p .  i i i ) .

COLD - Mean annua l  January  tempera tu re  in  the  1970  coun ty  o f  res idence
in F° X 10. Th is  da ta  i s  f rom U.S.  Bureau  o f  the  Census  (1978 ,
T a b l e  4 ) .

PRCP - M e a n  a n n u a l  p r e c i p i t a t i o n  i n  i n c h e s  X  lo2 in  the  1970 county
o f  r e s i d e n c e . Th is  da ta  i s  f rom U.S.  Bureau  o f  the  Census
(1978 ,  Tab le  4 ) .

JACCR - N u m b e r  o f  d i s a b l i n g  w o r k  i n j u r i e s  i n  1 9 7 0  b y  2  a n d  3 - d i g i t  S I C
code  fo r  each  m i l l i on  emp loyee  hours  worked . T h e  d a t a  i s
f r o m  T a b l e  1 6 3  o f  B u r e a u  o f  L a b o r  S t a t i s t i c s  ( 1 9 7 2 ) .

SULM - Annua l  24 -hour ,  geomet r i c  mean  su l fu r  d iox ide  m ic rograms per
cub ic  mete r  as  measured  by  the  Gas  Bubb le r  Para rosan i l i ne -
S u l f u r i c  A c i d  M e t h o d . The  da ta  were  ob ta ined  f rom the  annua l
U S E P A  p u b l i c a t i o n ,  A i r  Q u a l i t y  D a t a  -  A n n u a l  S t a t i s t i c s , a n d
r e f e r  t o  a  m o n i t o r i n g  s t a t i o n  i n  t h e  1 9 7 0  c o u n t y  o f  r e s i d e n c e .

TSPM - Annua l  24 -hour  geomet r i c  mean to ta l  suspended  par t i cu la tes  in
mic rograms per  cub ic  mete r  as  measured  by  the  H i -Vo l  Grav imet r i c
Method. The  da ta  were  ob ta ined  f rom the  annua l  USEPA pub l i ca t ion ,
A i r  Q u a l i t y  D a t a  -  A n n u a l  S t a t i s t i c s ,  a n d  r e f e r  t o  a  m o n i t o r i n g
s t a t i o n  i n  t h e  1 9 7 0  c o u n t y  o f  r e s i d e n c e .

Pecun iary  Var iab les

ASSETS - S u m  o f  1 9 7 0  i n c o m e  i n  d o l l a r s  X  lo2 f r o m  s o c i a l  s e c u r i t y ,
r e t i r e m e n t  ‘ p a y ,  p e n s i o n s ,  a n n u i t i e s ,  d i v i d e n d s ,  i n t e r e s t ,  a n d
r e n t .

UNION - Member  o f  a  labor  un ion  =  1 ;  o therw ise  =  0 .
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( i )

( i i )

( i i i )

( i v )

E s t i m a t e  t h e  r e d u c e d  f o r m  o f  t h e  s t r u c t u r a l  s y s t e m  b y
app ly ing  an  appropr ia te  max imum l i ke l ihood  techn ique  to
each.

F o r m  i n s t r u m e n t s  f r o m  t h e  “ p r e d i c t e d ”  v a l u e s  o f  t h e
dependent  var iab les  us ing  the  observa t ions  f rom the  sample
o n  t h e  e x o g e n e o u s  v a r i a b l e s  t o g e t h e r  w i t h  t h e  e s t i m a t e d
r e d u c e d  f r o m  c o e f f i c i e n t s  o b t a i n e d  i n  t h e  f i r s t  s t e p .

R e p l a c e  t h e  j o i n t l y  d e p e n d e n t  v a r i a b l e s  o n  t h e  r i g h t h a n d
s i d e  o f  t h e  e q u a t i o n s  i n  t h e  s t r u c t u r a l  s y s t e m  w i t h  t h e i r
- ins t ruments  cons t ruc ted  in  the  second s tep .

E s t i m a t e  t h e  r e s u l t i n g  r e l a t i o n s  b y  a n  a p p r o p r i a t e  m a x i m u m
l i k e l i h o o d  m e t h o d .

As  can be  eas i l y  seen, t h i s  e s t i m a t i o n  p r o c e d u r e  a p p l i e d  t o  a  s y s t e m  o f

s i m u l t a n e o u s  e q u a t i o n s  i s  j u s t  t w o - s t a g e  l e a s t  s q u a r e s  i n  t h e  c a s e  w h e r e  a l l

j o i n t l y  d e p e n d e n t  v a r i a b l e s  a r e  c o n t i n u o u s  o v e r  t h e  e n t i r e  r e a l  l i n e . How-

e v e r ,  t h e  a p p r o a c h  o f  N e l s o n  a n d  O l s o n  ( 1 9 7 8 )  t a k e s  a c c o u n t  o f  t h e  f a c t  t h a t

s o m e  d e p e n d e n t  v a r i a b l e s ,  p a r t i c u l a r l y  t h e  D S A B  v a r i a b l e  o f  i n t e r e s t  h e r e ,  d o

n o t  e x h i b i t  t h i s  t y p e  o f  b e h a v i o r . T h e y  t h e r e f o r e  s u g g e s t  t h a t  a n  a p p r o p r i a t e

l i m i t e d  d e p e n d e n t  v a r i a b l e  t e c h n i q u e  b e  u s e d  i n  t h e  e s t i m a t i o n  o f  b o t h  t h e

reduced  fo rm and  the  s t ruc tu ra l  f o rm o f  t he  mode l . In  th is  case,  s ince DSAB

i s  d e f i n e d  t o  t a k e  o n  o n l y  t h e  v a l u e s  o f  z e r o  o r  o n e ,  t h e  p r o b i t  m o d e l  w o u l d

a p p e a r  t o  b e  t h e  m o s t  a p p r o p r i a t e  o f  t h e  a l t e r n a t i v e  l i m i t e d  d e p e n d e n t

var iab le  methods .

The  p rocedures  ou t l i ned  above  were  app l ied  to  a  sample  o f  309  ind iv idua l

househo ld  heads  d rawn f rom the  1970  ca lendar  year  o f  the  PSID samp le .  A l l

i n d i v i d u a l s  h a d  a l w a y s  r e s i d e d  i n  t h e  1 9 7 0  s t a t e  o f  r e s i d e n c e . We are ,  thus ,

a b l e  t o  c o n t r o l  p a r t i a l l y  f o r  t h e  a i r  p o l l u t i o n  e x p o s u r e  h i s t o r y  o f  t h e

i n d i v i d u a l ,  g i v e n  t h a t  r e l a t i v e  1 9 7 0  p o l l u t i o n  c o n c e n t r a t i o n s  a c r o s s  r e s i d e n -

t i a l  l o c a t i o n s  a r e  s i m i l a r  t o  t h e  h i s t o r y  o f  r e l a t i v e  c o n c e n t r a t i o n s . The

15



y e a r  1 9 7 0  w a s  s e l e c t e d  f o r  d e t a i l e d  e m p i r i c a l  a n a l y s i s  b e c a u s e  t h e  c h r o n i c

i l l n e s s  d o s e - r e s p o n s e  e x p r e s s i o n s  e s t i m a t e d  f o r  t h i s  y e a r  i n  C r o c k e r - S c h u l z e ,

e t  a l .  ( p p .  1 0 5 - 1 0 9 ) w e r e  c o n s i d e r e d  t o  b e  t h e  b e s t  r e p r e s e n t a t i v e s  o f  a l l

t h e  e x p r e s s i o n s  f o r  a s s o r t e d  y e a r s  e s t i m a t e d  b y  o r d i n a r y - l e a s t - s q u a r e s  f r o m

the PSID data .

T h e  3 0 9  i n d i v i d u a l s  o f  t h e  s a m p l e  r e p r e s e n t  a l l  i n d i v i d u a l s  i n  t h e  1 9 7 0

PSID ca lendar  year  da ta  fo r  whom we were  ab le  to  ob ta in  observa t ions  on  each

e x p l a n a t o r y  v a r i a b l e ,  i n c l u d i n g  t o t a l  s u s p e n d e d  p a r t i c u l a t e s  a n d  s u l f u r

d i o x i d e .  I t  s h o u l d  b e  n o t e d  t h a t  t h i s  s a m p l e  i s  u n l i k e l y  t o  c o r r e s p o n d  t o

a  random samp le  o f  the  U .S .  popu la t ion . I f  a n y t h i n g , a s  a  g l a n c e  a t  t h e

a r i t h m e t i c  m e a n  v a l u e s  o f  t h e  e x p l a n a t o r y  v a r i a b l e s  p r e s e n t e d  i n  T a b l e  2

shows, the  sample  appears  to  inc lude  a  somewhat  d isp ropor t iona te ly  h igh

number of  female household heads, “ p o o r ”  c h i l d h o o d  b a c k g r o u n d s ,  a n d  r e l a t i v e l y

l o w  p e c u n i a r y  v a l u e s  o f  f a m i l y  a s s e t s . For  our  p resen t  purposes ,  o f  course ,

a  random sample  i s  unnecessary ,  g iven  tha t  the  sample  was  no t  se lec ted  on

t h e  b a s i s  o f  w h e t h e r  o r  n o t  t h e  i n d i v i d u a l  r e p o r t e d  h e  s u f f e r e d  f r o m  a  c h r o n i c

i l l n e s s .

T h e  r e s u l t s  o f  e s t i m a t i n g  t h e  a u g m e n t e d  ( r e l a t i v e  t o  o u r  p r e v i o u s  w o r k )

c h r o n i c  i l l n e s s  d o s e - r e s p o n s e  e x p r e s s i o n  b y  t h e  m u l t i v a r i a t e  P r o b i t  e s t i m a t o r

a r e  r e p o r t e d  i n  t h e  l a s t  t w o  c o l u m n s  o f  T a b l e  2 . As  Po i r ie r  and  Mel ino  (1978)

h a v e  s h o w n ,  t h e  c o e f f i c i e n t s  a r e  p r o p o r t i o n a l  t o  t h e  c h a n g e  i n  t h e  p r o b -

a b i l i t y  t h a t  a n  i n d i v i d u a l  w i l l  r e p o r t  b e i n g  c h r o n i c a l l y  i l l  f o r  a  o n e  u n i t

c h a n g e  i n  t h e  e x p l a n a t o r y  v a r i a b l e . T h u s ,  f o r  e x a m p l e ,  a  m a l e ,  i s  n e a r l y

t w i c e  a s  l i k e l y  t o  r e p o r t  b e i n g  c h r o n i c a l l y  i l l  a s  i s  a  f e m a l e . Our  use  o f  the

P r o b i t  e s i t m a t o r  p r e s u m e s  t h a t  e a c h  i n d i v i d u a l  h a s  a  t h r e s h o l d  l e v e l  o f  t h e

e x p l a n a t o r y  v a r i a b l e  b e l o w  w h i c h  h e  w i l l  n o t  v i e w  h i m s e l f  a s  b e i n g  m a d e  c h r o n i c a l l y
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i l l . However , t h e  e s t i m a t o r  a l s o  p r e s u m e s  t h a t  t h e r e  e x i s t s  a  t r a n s f o r m a t i o n

c a u s i n g  t h e s e  t h r e s h o l d  v a l u e s  t o  b e  n o r m a l l y  d i s t r i b u t e d  o v e r  o u r  s a m p l e

and, t h e r e f o r e ,  t h a t  t h e r e  e x i s t  s o m e  i n d i v i d u a l s  f o r  w h o m  e v e n  m i n o r  l e v e l s

o f  a i r  p o l l u t i o n  w i l l  c a u s e  t h e m  t o  r e p o r t  b e i n g  c h r o n i c a l l y  i l l .  T h e  c o n -

s t a n t  t e r m  i s  s i m p l y  a  s h i f t e r .

W i t h  t h e  e x c e p t i o n s  o f  C I G N ,  L E X R ,  a n d  P O O R ,  t h e  s i g n s  o f  a l l  c o e f f i c i e n t s

c o i n c i d e  w i t h  a  p r i o r i  e x p e c t a t i o n s . The  combina t ions  o f  s igns  fo r  the  AGE

v a r i a b l e s  a n d  t h e  F O O D  v a r i a b l e s  a r e  c o n s i s t e n t  w i t h  i n c r e a s e d  l i k e l i h o o d s  o f

r e p o r t i n g  c h r o n i c  i l l n e s s  a t  t h e  e x t r e m e s  o f  a g e  a n d  d i e t  a d e q u a c y  w i t h  a

r e d u c e d  l i k e l i h o o d  i n  t h e  m i d d l e  r a n g e s . inc reases  in  a lcoho l  consumpt ion ,

exposures  to  carc inogen ic  subs tances , a c c i d e n t  r i s k s  i n  t h e  w o r k p l a c e ,

p h y s i c i a n s  t o  o r i g i n a t e  o r  c o n f i r m  t h e  i n d i v i d u a l ’ s  s e l f - d i a g n o s i s ,  a n d  a i r

p o l l u t i o n  i n  t h e  f o r m  o f  s u l f u r  d i o x i d e  a l l  s e r v e  t o  i n c r e a s e  t h e  c h a n c e s  o f

s e l f - r e p o r t e d  c h r o n i c  i l l n e s s . The coeff ic ients of  CANX and JACCR are

probab ly  b iased downward , s i n c e  t h e y  r e f e r  o n l y  t o  t h e  c u r r e n t  w o r k p l a c e ,

r a t h e r  t h a n  t o  t h e  i n d i v i d u a l ’ s  w o r k p l a c e  h i s t o r y . On the  o ther  hand ,

c o n s i s t e n t  w i t h  t h e  w o r k  o f  T r o m p  ( 1 9 6 2 )  a n d  o t h e r s ,  h i g h  p r e c i p i t a t i o n  a n d

l o w  m i d w i n t e r  t e m p e r a t u r e s  a r e  l e s s  l i k e l y  t o  m a k e  t h e  i n d i v i d u a l  f e e l

c h r o n i c a l l y  i l l . Those var iables such as ASSETS and UNION, represnt ing

f a c t o r s  t h o u g h t  t o  r e d u c e  t h e  o p p o r t u n i t y  c o s t s  o f  f e e l i n g  c h r o n i c a l l y  i l l ,

a l l  c o n t r i b u t e  p o s i t i v e l y  t o  t h e  p r o b a b i l i t y  o f  r e p o r t i n g  c h r o n i c  i l l n e s s .

S i m i l a r l y ,  m o r e  e d u c a t i o n  a n d  l a r g e r  f a m i l y  s i z e ,  v a r i a b l e s  w h i c h  c a p t u r e

f a c t o r s  t e n d i n g  t o  i n c r e a s e  t h e  o p p o r t u n i t y  c o s t s  o f  f e e l i n g  c h r o n i c a l l y  i l l ,

each have negat ive  s igns  a t tached. S ince  peop le  who are  ve t rans  and  have

m e d i c a l  i n s u r a n c e  f a c e  l o w e r  m a r g i n a l  p r i c e s  f o r  m e d i c a l  c a r e ,  t h e y  c a n  b e

expec ted  to  consume more  med ica l  ca re  the reby  reduce  the  f requency  o f  the i r
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c h r o n i c  i l l n e s s e s . The negat ive signs attached to HVET and INSR are

c o n s i s t e n t  w i t h  t h i s  i n t e r p r e t a t i o n . N o t e  t h a t  t h e  c o e f f i c i e n t  a t t a c h e d  t o

t h e  l a t t e r  v a r i a b l e  i s  e s t i m a t e d  f r o m  a  s y s t e m  t h a t  a c c o u n t s  f o r  t h e  s i m u l -

t a n e i t y  b e t w e e n  t h e  l i k e l i h o o d  o f  p o s s e s s i n g  m e d i c a l  i n s u r a n c e  a n d  t h e

p r e s e n c e  o f  c h r o n i c  i l l n e s s . N o t e  a l s o ,  h o w e v e r ,  t h a t  t h e  r e s u l t s  f o r  t h e s e

v a r i a b l e s  e x p l a i n i n g  t h e “ d e m a n d ”  f o r  c h r o n i c  i l l n e s s  h a v e  n o t  b e e n  d e r i v e d

f r o m  a n  e x p l i c i t  a n a l y t i c a l  m o d e l . T h e  a b o v e  i n t e r p r e t a t i o n  m a y  t h e r e f o r e

be  unwar ran ted .

In te rpre ta t ions  fo r .  the  s igns  o f  C IGN,  LEXR,  and POOR are  less  read i l y

p r o v i d e d .  I t  i s  p o s s i b l e  t h a t  n o  o n e  o f  t h e s e  v a r i a b l e s  i s  a  r e a s o n a b l e

m e a s u r e  o f  t h e  e f f e c t  w e  w e r e  t r y i n g  t o  c a p t u r e . For example,  CIGN repre-

s e n t s  t h e  e s t i m a t e d  n u m b e r  o f  c u r r e n t  c i g a r e t t e s  s m o k e d  p e r  a d u l t  f a m i l y

member. There  i s  no  obv ious  connec t ion  be tween th is  measure  and  the  smok ing

h i s t o r y  o f  t h e  i n d i v i d u a l  w h o s e  h e a l t h  s t a t u s  i s  b e i n g  i n s p e c t e d . I t  i s ,

o f  c o u r s e ,  p o s s i b l e  t h a t  t h o s e  w h o  a r e  a l r e a d y  c h r o n i c a l l y  i l l  i n c r e a s e  t h e i r

s m o k i n g  b e c a u s e  o f  t h e ,  g r e a t e r  u t i l i t y  i t  m i g h t  t h e n  a f f o r d .  A s  f o r  L E X R ,

i t  a p p e a r s  f r o m  i t s  e s t i m a t e d  m e a n  v a l u e  t h a t  t h e  e x p r e s s i o n

l a t e  i t  d i d  n o t  p e r f o r m  v e r y  w e l l .  I n  a d d i t i o n ,  t h e  p r e c e p t i o n  o f  w h a t

c o n s t i t u t e s  s t r e n u o u s  e x e r c i s e  c a n  d i f f e r  a c r o s s  i n d i v i d u a l s  A g a i n ,

s t r e n u o u s  e x e r c i s e  m i g h t  y i e l d  g r e a t e r  u t i l i t y  f o r  t h o s e  w h o

c h r o n i c a l l y  i l l ,  s o  t h a t  t h e y  a r e  m o r e  l i k e l y  t o  p a r t i c i p a t e  i n  i t  t h a n  a r e

h e a l t h y  i n d i v i d u a l s . S i m i l a r l y ,  t h e  c u r r e n t  p e r c e p t i o n  o f  w h e t h e r  o n e ’ s

paren ts  were  poor  may  be  more  a  measure  o f  one ’s  cu r ren t  rea l  i ncome s ta tus

r e l a t i v e  t o  t h e  f o r m e r  s t a t u s  o f  o n e ’ s  p a r e n t s  r a t h e r  t h a n  a n  a b s o l u t e

m e a s u r e  o f  t h e  l a t t e r ’ s  f o r m e r  s t a t u s . Thus ,  ex tend ing  the  Dusenber ry  (1949)

h y p o t h e s i s  t o  a n  i n t e r g e n e r a t i o n a l  c o n t e x t ,  i t  m i g h t  b e  t h a t  g r e a t e r  r e l a t i v e

u s e d  t o  c a l c u -

a r e  a l r e a d y
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TABLE 2

MAXIMUM LIKELIHOOD ESTIMATES OF SELF-REPORTED CHRONIC ILLNESS (DSAB)

V a r i a b l e Mean C o e f f i c i e n t S tandard  Er ro r

39 .36
177.00

1.11
2 .68

18.77
1.73
0 . 6 4

37 .86
3 .76
3 .22
1.80
3 . 9 0
0 .19
0 .72
0 . 8 0

0 . 1 8
- 1 . 1 3
24 .08

0 .52
39.77

0 .57
18.37

0 .19

0.084 0 .054
- 0 . 7 7 6 0 .582

0 .169 0 .100
0.001 0.001
0 .006 0.021

- 0 . 5 2 7 0 .190
- 0 . 0 2 5 0 .015
- 0 . 0 8 7 0 .162
- 0 . 0 0 5 0 .056
- 0 . 4 9 9 0 .470

0.089 0 .095
- 0 . 4 7 2 0 .400

- 1 . 2 2 3 0 .430
0.003 0 .005

0.115 0 .454
0.007 0 .010

- 0 . 5 0 3 0 .290
- 0 . 0 4 3 0 .017

0.927 0 .556
0.011 0 .010
0 .422 0 .398

Constant

(-2.0) times log of likelihood ratio

1.090 1.807

8 5 . 6 0 9 ;  s t a t i s t i c a l l y  s i g n i f i -
c a n t  a t  t h e  o n e  p e r c e n t
f o r  t h e  3 d i s t r i b u t i o n
w i t h  2 1  d e g r e e s  o f
freedom.

O b s e r v a t i o n s  a t  U n i t y 77
Observa t ions  a t  Zero 232

NOTE: N o  l e v e l s  o f  s i g n i f i c a n c e  a r e  i n d i c a t e d  b e c a u s e  t h e  a s y m p t o t i c  p r o p e r t i e s
o f  t h e  s t a n d a r d  e r r o r s  f o r  t h i s  s a m p l e  a r e  n o t  k n o w n . A  s i m u l a t i o n  e x p e r i m e n t
w i t h  t h e  s i m u l t a n e o u s  p r o b i t  e s t i m a t o r  s u g g e s t e d  t o  N e l s o n  a n d  O l s o n  ( 1 9 7 8 ,
p .  7 0 2 )  t h a t
o f  1 . 6 .

i t s  s tandard  e r ro rs  cou ld  be  b iased  upward  by  as  much as  a  fac to r



cur ren t  rea l  income may engender  a  sense  o f  secur i t y  reduc ing  the  oppor tun i t y

c o s t s  o f  b e i n g  c h r o n i c a l l y  i l l .  A l t e r n a t i v e l y ,  t h e  e x p l a n a t i o n  f o r  t h e

u n e x p e c t e d  n e g a t i v e  s i g n  m i g h t  s i m p l y  b e  t h a t  a  s e l e c t i o n  p r o c e s s  o p e r a t e d

i n  t h e  p a s t  t o  e l i m i n a t e  t h o s e  w h o  w e r e  l e s s  w e l l  g e n e t i c a l l y  e n d o w e d  a n d

who a lso  had  poor  ch i ldhoods .

A  r a n k - o r d e r i n g  o f  t h e  e x p l a n a t o r y  v a r i a b l e s  f r o m  t h e  m o s t  t o  t h e  l e a s t

s t a t i s t i c a l l y  s i g n i f i c a n t  r e s u l t s  i n  t h e  f o l l o w i n g : CIGN, INSR, PRCP, POOR,

ALKY, SEX, COLD, AGE, (AGE)~, HVET, FOOD, UNION, SULM, ASSETS, (FoOD)~, PHYS,

JACCR, EDUC, CANX, LEXR, AND FMSZ. T h u s ,  a t  l e a s t  f o r  t h e  s a m p l e  r e p r e s n e t e d

i n  T a b l e  2 ,  a i r  p o l l u t i o n , as measured by annual  24-hour geometr ic  mean sul fur

d i o x i d e , i s  l e s s  r o b u s t  s t a t i s t i c a l l y  t h a n  t h e  c l i m a t e  v a r i a b l e s  b u t  m o r e

robus t  than  the  measures  o f  occupa t iona l  hazards . However, a s  i n d i c a t e d  i n  t h e

t a b l e ,  S U L M  w o u l d  a p p e a r  t o  b e  s t a t i s t i c a l l y  i n s i g n i f i c a n t  a t  c o n v e n t i o n a l

l e v e l s . T h i s  g e n e r a l  c o n c l u s i o n  h o l d s  w h e n  a n o t h e r  a i r  p o l l u t i o n  v a r i a b l e ,

annua l  24 -hour  geomet r i c  mean  suspended  par t i cu la tes ,  rep laces  the  measure

o f  s u l f u r  d i o x i d e  u s e d  i n  T a b l e  2 . U p o n  d o i n g  t h i s , a  c o e f f i c i e n t  o f  0 . 0 0 6

w i t h  a  s t a n d a r d  e r r o r  o f  0 . 0 0 7  i s  o b t a i n e d . G i v e n  t h a t  t h e  s t a n d a r d  e r r o r s

o f  t h e  s i m u l t a n e o u s  p r o b i t  e s t i m a t o r  a r e  t h o u g h t  t o  b e  b i a s e d  u p w a r d  ( p e r h a p s

by  as  much  as  1 .6  accord ing  to  Ne lson  and  O lson  (1978 ,  p .  702) ,  the  ac tua l

e f f e c t  o f  a i r  p o l l u t i o n  o n  s e l f - r e p o r t e d  h e a l t h  s t a t u s  m a y  b e  m o r e  s i g n i f i c a n t

t h a n  o u r  r e s u l t s  i n d i c a t e . Never the less , e v e n  i f  t h e  s t a n d a r d  e r r o r  o n  t h e

a i r  p o l l u t i o n  c o e f f i c i e n t s  a r e  i n  f a c t  b i a s e d  u p w a r d  b y  a  f a c t o r  o f  1 . 6 ,

t h e  s t a t i s t i c a l  s i g n i f i c a n c e  o f  t h e s e  c o e f f i c i e n t s  r e m a i n s  q u e s t i o n a b l e .

I n  o r d e r  t o  p r o v i d e  a n o t h e r  b a s i s  f o r  c o m p a r i s o n  w i t h  C r o c k e r - S c h u l z e ,

e t  a l .  ( 1 9 7 9 ) , w e  s u b s t i t u t e d  t h e  m e a s u r e  u s e d  f o r  t h e  l e n g t h  o f  c h r o n i c
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illness (LDSA) in our earlier work for the dependent variable in Table 2.

T h e  s y s t e m  w a s  e s t i m a t e d  b y  t h e  t w o - l i m i t  s i m u l t a n e o u s  p r o b i t  t e c h n i q u e

e m p l o y e d  i n  N e l s o n  a n d  O l s o n  ( 1 9 7 8 ) .  A g a i n ,  t h e  r e s u l t s  o b t a i n e d  w e r e  n o t

i n c o n s i s t e n t  w i t h  o u r  p r e v i o u s  O L S  e s t i m a t e s . I n  f a c t ,  t h e  m a g n i t u d e s  o f  t h e

a i r  p o l l u t i o n  c o e f f i c i e n t s  w e r e  a l m o s t  t w i c e  t h o s e  o b t a i n e d  i n  t h e  O L S  r e s u l t s .

However , a s  P o i r i e r  a n d  M e l i n o  ( 1 9 7 8 )  d e m o n s t r a t e ,  t h e  c o e f f i c i e n t s  o f  a n

e x p l a n a t o r y  v a r i a b l e  i n  a  t r u n c a t e d  r e g r e s s i o n  p r o c e d u r e  s u c h  a s  p r o b i t  i s

p r o p o r t i o n a l  t o ,  b u t  n o t  e q u a l  t o , t h e  p a r t i a l  d e r i v a t i v e  o f  t h e  c o n d i t i o n a l

mean o f  the  dependent  var iab le  w i th  respec t  to  a  one  un i t  change in  an

e x p l a n a t o r y  v a r i a b l e .  T h i s  f a c t o r  o f  p r o p o r t i o n a l i t y ,  w h i c h  i s  i d e n t i c a l  f o r

e a c h  c o e f f i c i e n t  i n  a  r e g r e s s i o n , can  be  de te rmined  when the  var iance  o f  the

u n t r u n c a t e d  v a r i a b l e  i s  k n o w n . F o r  t h e  P S I D  d a t a  s e t ,  t h i s  v a r i a n c e  i s

unknown.

V. WHITHER FROM HERE

T h e  m o t i v a t i o n  f o r  t h i s  p a p e r , a s  w e l l  a s  o u r  p r e v i o u s  w o r k  i n  t h e  a r e a ,

o r i g i n a t e d  i n  o u r  c o n v i c t i o n s  t h a t  e c o n o m i c  a n a l y s i s  a n d  i t s  e m p i r i c a l  t e c h -

n i q u e s  c o u l d  c o n t r i b u t e  t o  t h e  r e s o l u t i o n  o f  c e r t a i n  r e c u r r i n g  p u z z l e s  i n

s t u d i e s  o f  t h e  i n c i d e n c e  a n d  s e v e r i t y  o f  d i s e a s e s  i n  h u m a n  p o p u l a t i o n s ,  p a r t -

i c u l a r l y  t h e  e p i d e m i o l o g y  o f  a i r  p o l l u t i o n . We have viewed human health

s ta tus  as  a  dec is ion  var iab le  and  have  there fo re  been  ab le  to  emp loy  economic

t h e o r y  a s  a  m e a n s  o f  p r o v i d i n g  m o r e  a  p r i o r i  s t r u c t u r e  f o r  t h e  a n a l y s i s  o f

e p i d e m i o l o g i c a l  d a t a . C o n s i d e r i n g  o n l y  t h e  e m p i r i c a l  r e s u l t s  r e p o r t e d  i n  t h e

p r e v i o u s  s e c t i o n , i t  seems we have no t  ye t  p rov ided enough in fo rmat ion  on

s t r u c t u r e  f o r  r e s o l u t i o n . We have by no means, h o w e v e r ,  e x p l o i t e d  a l l  t h e

c o n c e i v a b l e  e c o n o m i c - b e h a v i o r a l  s t r u c t u r a l  r e l a t i o n s  f r o m  w h i c h  r e s t r i c t i o n s

migh t  be  ob ta ined .
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O n e  m i g h t  i n t r o d u c e  m o r e  s t a t i s t i c a l  i n f o r m a t i o n  b y  q u a s i - r e p l i c a t i o n

o f  t h e  s t r u c t u r e s  a l r e a d y  e s t i m a t e d ; t h a t  i s ,  w e  c o u l d  p u l l  a d d i t i o n a l  s a m p l e s

f rom the  PSID da ta  se t  and  es t imate  fo r  each  o f  those  samples  the  same two

s t r u c t u r e s  a l r e a d y  d i s c u s s e d . Th is  s t ra tegy  has  been  used  [Crocker -Schu lze ,

e t  a l .  ( 1 9 7 9 ) ] i n  a n  e a r l i e r  s u b s t a n t i a l l y  l e s s  r i g o r o u s  t r e a t m e n t  o f  t h e

same data.

A l t e r n a t i v e l y  w h i l e  r e t a i n i n g  t h e  s t r u c t u r e  t h a t  e c o n o m i c  a n a l y s i s  a n d

e p i d e m i o l o g y  p r o v i d e , we can draw upon knowledge in  b iophys ics ,  b iochemis t ry ,

a n d  b i o e n e r g e t i c s  t o  a  m u c h  g r e a t e r  d e g r e e  t h a n  p r e v i o u s  s t u d i e s  i n  a i r  p o l -

lu t ion  ep idemio logy  appear  to  have  done. In a manner consistent wi th human

c a p i t a l  t h e o r y , a s  s o m e  e x i s t i n g  w o r k  h a s  i n  f a c t  a l r e a d y  d o n e  [ e . g . ,  C r o p p e r

( 1 9 7 7 )  a n d  C r o c k e r - S c h u l z e ,  e t  a l .  ( 1 9 7 9 ) ] .  T h e  i n d i v i d u a l  m i g h t  b e  c o n s t r u e d

a s  h a v i n g  a n  i n i t i a l  h e a l t h  e n d o w m e n t  t h a t ,  d u e  t o  n a t u r a l  a g i n g ,  d e p r e c i a t e s

exogenous ly  over  t ime. However , b y  h i s  d e c i s i o n s  a b o u t  l i f e - s t y l e  a n d  h i s

occupat iona l  and  env i ronmenta l  exposures , h e  c a n  e i t h e r  s l o w  o r  a c c e l e r a t e

t h i s  n a t u r a l  d e p r e c i a t i o n . A n  i n t e g r a l  p a r t  o f  t h e s e  h u m a n  c a p i t a l  t r e a t -

m e n t s  h a s  b e e n  t h e  r e p r e s e n t a t i o n  o f  a  p r o d u c t i o n  f u n c t i o n  i n  i m p l i c i t  f o r m

w h e r e  s o m e  c r u d e  m e a s u r e  o f  h e a l t h  s t a t u s  i s  d e t e r m i n e d  b y  r a t h e r  a r b i t r a r y

a s s o r t m e n t s  o f  t h e  a f o r e m e n t i o n e d  c o l l e c t i o n  o f  l i f e - s t y l e ,  o c c u p a t i o n a l ,  a n d

e n v i r o n m e n t a l  v a r i a b l e s . We suggest, a t  l e a s t  i n s o f a r  a s  e m p i r i c a l  t r e a t -

ments are concerned, t h a t  o n e  c a n  s p e c i f y  t h i s  p r o d u c t i o n  f u n c t i o n  i n  m u c h

m o r e  d e t a i l  w h i l e  r e t a i n i n g  t h e  h u m a n  c a p i t a l  f r a m e w o r k  f o r  t h e  i n d i v i d u a l ’ s

dec is ion  p rob lem.

A s  a n  a l t e r n a t i v e  t o  t r a d i t i o n a l  t o x i c o l o g i c a l  r e s e a r c h  e m p h a s e s  u p o n

metabo l i t i es  and  metabo l i c  pa thways , the Second Task Force for  Research Plan-

n ing  in  Env i ronmenta l  Hea l th  Sc ience  (1977 ,  Chap te r  14 )  recommends  tha t  more
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e f f o r t  b e  d e v o t e d  t o  b u i l d i n g  u p o n  e x i s t i n g  k n o w l e d g e  o f  t h e  s t r u c t u r e  a n d

f u n c t i o n  o f  p a r t i c u l a r  o r g a n  s y s t e m s  s u c h  a s  t h e  r e s p i r a t o r y  a n d  c a r d i o v a s c u l a r

systems. Cont ra ry  to  mos t  o f  the  a rcane  ( to  an  economis t )  bas ic  research

on  the  fundamenta l  chemica l  p rocesses  a t  work  in  va r ious  metabo l i c  pa thways ,

m u c h  o f  t h e  w o r k  o n  t h e  d e t e r m i n a n t s  o f  t h e  i n d i v i d u a l ’ s  r e s e a r c h  o f  o r g a n

f u n c t i o n  a p p e a r s  t o  b e  r e a d i l y  t r a n s l a t a b l e  i n t o  m e r e  d i s p l a y s  o f  t h e  f a c t

t h a t  w i t h i n  l i m i t s  t h e  s a m e  q u a l i t y  o f  s o m e  s i m p l e  m e a s u r e  o f  t h e  h e a l t h  s t a t u s

o f  t h e  o r g a n  s y s t e m ,  s u c h  a s  t h e  v e n t i l a t i o n  c a p a c i t y  o f  t h e l u n g ,  c a n  b e  o b -

10
t a i n e d  f r o m  v a r i o u s  c o m b i n a t i o n s  o f  inputs . In many cases, the responses

o f  t h e  h e a l t h  i n d i c a t o r  o f  t h e  o r g a n  s y s t e m  t o  v a r i o u s  s t r e s s e s  f o l l o w  w e l l -

k n o w n  p h y s i c a l  l a w s  h a v i n g  s p e c i f i c  f u n c t i o n a l  f o r m s  a n d  e v e n  p a r t i c u l a r

11
v a l u e s  a t t a c h e d  t o  coefficients.  .

W h e n  w r i t i n g  d o w n  t h e  i n d i v i d u a l ’ s  d e c i s i o n  p r o b l e m  w i t h  r e s p e c t  t o

h e a l t h  s t a t u s ,  w e  m a y  b e  a b l e  t o  s t r u c t u r e  t h e  p r o b l e m  m o r e  t i g h t l y  b y  b u i l d -

i n g  t h e  a f o r e m e n t i o n e d  i n f o r m a t i o n  o n  o r g a n  s y s t e m  r e s p o n s e s  d i r e c t l y  i n t o  t h e

c o n s t r a i n t  s e t . R a t h e r  t h a n  h a v i n g  a n  i m p l i c i t  p r o d u c t i o n  f u n c t i o n  i n  w h i c h

t h e  v a l u e  o f  a  s e l f - r e p o r t e d , h i g h l y  a g g r e g a t e d  m e a s u r e  o f  h e a l t h  s t a t u s

( e . g . ,  w h e t h e r  o r  n o t  t h e  i n d i v i d u a l  i s  c h r o n i c a l l y  i l l )  i s  e x p l a i n e d  b y  a

c o l l e c t i o n  o f  i n t u i t i v e l y  r e a s o n a b l e  v a r i a b l e s , one  can  emp loy  a  descr ip t ion

t h a t  p r e c i s e l y  m a p s  a  l i m i t e d  a n d  w e l l - d e f i n e d  s e t  o f  m a j o r  i n f l u e n t i a l

f a c t o r s  i n t o  a  c o n t i n u o u s  s c a l e r  m e a s u r e  o f  t h e  h e a l t h  o f  a n  o r g a n  s y s t e m .

V. SUMMARY AND CONCLUSIONS

T h e  p r e c e d i n g  p a g e s  a r e  n o t  w i t h o u t  t e c h n i c a l  s i n . I n  p a r t i c u l a r ,  w i t h

o u t  r i g o r o u s l y  e x p l a i n i n g  f r o m  w h e n c e  t h e y  c o m e ,  w e  h a v e  i n t r o d u c e d  v a r i a b l e s

t h a t  a r e  s u p p o s e d  t o  r e p r e s e n t  t h e  o p p o r t u n i t y  c o s t s  o f  r e p o r t i n g  o r  f a i l i n g

t o  r e p o r t  o n e s  s e l f  c h r o n i c a l l y  i l l . O therw ise ,  however ,  by  employ ing  a
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more  robus t  es t imat ion  p rocedure , b y  r e d e f i n i n g  t h e  c h r o n i c  i l l n e s s  v a r i a b l e ,

a n d  b y  i n t r o d u c i n g  b e t t e r  m e a s u r e s  o f  c i g a r e t t e  s m o k i n g ,  h a z a r d s  a n d  t o x i c

exposures i n  t h e  w o r k p l a c e ,  m e d i c a l  c a r e , and  c l imate ,  we  have  responded to

s e v e r a l  w e l l - f o u n d e d  c r i t i c i s m s  o f  t h e  m o r b i d i t y  r e s u l t s  i n  C r o c k e r - S c h u l z e ,

e t  a l .  ( 1 9 7 9 ) . O n  t h e  b a s i s  o f  t h o s e  n e w  t e s t s , we  see  no  reason  to  a l te r  our

p r e v i o u s  i n t e r p r e t a t i o n  o f  t h e  e f f e c t  o f  a i r  p o l l u t i o n  u p o n  s e l f - r e p o r t e d

c h r o n i c  i l l n e s s .
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1
In accordance wi th  the  e loquen t  a rgument  o f  Ca labres i  and  Bobb i t  (1978) ,

o n e  m i g h t  a t t r i b u t e t h e  d o m i n a n c e  o f  t h i s  p e r s p e c t i v e  i n  p u b i c  p o l i c y

FOOTNOTES

s e t t i n g s  t o  t h e  f i c t i o n s  e r e c t e d  b y  s o c i e t i e s  t o  s e g m e n t  m a r k e t s  t h a t  w o u l d
o t h e r w i s e  r e q u i r e  e x p l i c i t  j u d g m e n t s  a b o u t  t h e  r e l a t i v e  w o r t h s  o f  i n d i v i d u a l s ’
l i v e s .  C a l a b r e s i  a n d  B o b b i t  ( 1 9 7 8 )  a r g u e  t h a t  t h e s e  f i c t i o n s  s e r v e  t o  s o f t e n
i n t o l e r a b l e  s o c i e t a l  s t r e s s e s . T h e  p u r p o s e  t h e y  s e r v e  i n  a  s c i e n t i f i c  s e t t i n g
i s  n o t  o b v i o u s .

2A l t e r n a t i v e l y ,  t h e  l a b o r a t o r y  s t u d i e s  t r y  t o  s p e c i f y  t h e  i n t e r v e n i n g
processes  caus ing  an  observed  hea l th  e f fec t .

3A p a r t f rom these  i ssues , t h e  p r a c t i c e  o f  a p p l y i n g  l a b o r a t o r y  r e s u l t s
to  everyday  human env i ronments  i s  ques t ionab le .  As  Anderson  and Crocker
(1971 ,  p .  146)  no te , s o  a s  t o  r e m o v e  a l l  s o u r c e s  o f  s t r e s s  o t h e r  t h a n  a i r
p o l l u t i o n ,  a l l  o t h e r  f a c t o r s  i n f l u e n c i n g  h e a l t h  i n  t h e  l a b o r a t o r y  t e n d  t o  b e
s e t  a t  b i o l o g i c a l l y  o p t i m a l  l e v e l s . G i v e n  t h a t  t h e s e  b i o l o g i c a l l y  o p t i m a l  l e v e l s
e x c e e d  t h o s e  f o u n d  i n  e v e r y d a y  e n v i r o n m e n t s ,  i t  f o l l o w s  f r o m  t h e  l a w  o f  v a r -
i a b l e  p r o p r o t i o n s  t h a t  a i r  p o l l u t i o n - i n d u c e d  h e a l t h  e f f e c t s  i n  t h e  l a b o r a t o r y
wi l l  exceed those found in  everyday  env i ronments .

4
I t  s h o u l d  b e  n o t e d  t h a t  m a n y  b i o m e d i c a l  a u t h o r i t i e s  s t r o n g l y  d i s p u t e

t h e  b i o l o g i c a l  e x i s t e n c e  a n d  t h e  p o l i c y  r e l e v a n c e  o f  t h r e s h o l d s  f o r  m o s t
env i ronmenta l  con taminan ts . Au thors  such  as  Eps te in  (1974) ,  Go ldsmi th  and
F r i b e r g  ( 1 9 7 7 )  a r g u e  t h a t  a n y  p o s i t i v e  a m o u n t  o f  p o l l u t i o n  i n d u c e s  i l l - h e a l t h
e f f e c t s  f o r  s o m e  i n d i v i d u a l s  a n d  i n c r e a s e s  t h e  p r o b a b i l i t y  o f  i l l - h e a l t h  f o r
everyone exposed.

5Among the more notable examples are: McDonald and Schwing (1973);  L iu
and Yu (1376);  Mendelsohn and Orcutt  (1979);  Gregor (1977);  and Koshal  and
Kosha l  (1973) .

6
H o w e v e r ,  p a r t i c u l a t e s  w a s  s t a t i s t i c a l l y  s i g n i f i c a n t  i n  a n  e x p r e s s i o n

exp la in ing  pneumon ia  and  in f luenza  re la ted  dea ths . S u l f u r  d i o x i d e  w a s
s t a t i s t i c a l l y  s i g n i f i c a n t  i n  a n  e x p r e s s i o n  f o r  d e a t h s  a t t r i b u t e d  t o  e a r l y
i n f a n t  d i s e a s e s . N i t r o g e n  d i o x i d e  w o u l d  h a v e  b e e n  s t a t i s t i c a l l y  s i g n i f i c a n t
i n  h e a r t  d i s e a s e  i f  a  s l i g h t l y  l e s s  s e v e r e  l e v e l  o f  a c c e p t a n c e  h a d  b e e n
adopted.

7 I n  o r d e r  t o  g e t  t h e  d a t a  t o  “ g i v e ”  m o r e ,  t h e  a u t h o r s  o f  t h e  L a v e - S e s k i n
t y p e  w o r k  h a v e  u s u a l l y  t e s t e d  w i t h  t h e  s a m e  d a t a  s e t  s e v e r a l  d i f f e r e n t  f u n c -
t i o n a l  f o r m s  a n d  c o m b i n a t i o n s  o f  e x p l a n a t o r y  v a r i a b l e s . The  ob jec t i ve  f requen-
t l y  s e e m s  t o  h a v e  b e e n  t h e  m a x i m i z a t i o n  o f  c e r t a i n  s u m m a r y  s t a t i s t i c s  ( e . g . ,
t h e  c o e f f i c i e n t  o f  d e t e r m i n a t i o n )  h a v i n g  n o  b a s i s  i n  a n y a priori hypothesis.
W e  a r e  u n a w a r e  t h a t  t h e  p r e t e s t  o r  s e l e c t i o n  p r o c e d u r e s  s u r v e y e d  W a l l a c e
(1977)  and  Judge ,  e t  a l .  (1980 ,  Chap . I I )  have  ever  been employed dur ing  these
man ipu la t ions . I f  t h e s e  p r o c e d u r e s  a r e  n o t  e m p l o y e d ,  t h e  p r o p e r t i e s  o f  t h e
c l a s s i c a l  l e a s t  s q u a r e s  e s t i m a t o r s  t h e s e  a u t h o r s  t y p i c a l l y  u s e  c a n  b e  s u b -
s t a n t i a l l y  a l t e r e d ;  t h a t  i s , t h e  c u s t o m a r y  i n t e r p r e t a t i o n s  c a n n o t  b e  a t t a c h e d
t o  e s t i m a t e d  c o e f f i c i e n t s  a n d  s t a n d a r d  e r r o r s .
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8
Ambient p o l l u t i o n  c o n c e n t r a t i o n s  f o r  a  s i n g l e  y e a r  a t  s i n g l e  ( u s u a l l y

d o w n t o w n )  s i t e s  s e r v e d  a s  p r o x i e s  f o r  t h e  l i f e t i m e  e x p o s u r e  h i s t o r i e s  o f
e n t i r e  r e g i o n a l  p o p u l a t i o n s . F o r  a  s u c c i n c t  t r e a t m e n t  o f  t h e  t r a d e - o f f
b e t w e e n  c o r r e c t i o n s  f o r  s p e c i f i c a t i o n  e r r o r  a n d  i d e n t i f y i n g  V a r i a b i l i t y  w h e n
m e a s u r e m e n t  e r r o r  i s  p r e s e n t  i n  a n  i n d e p e n d e n t  v a r i a b l e  o f  i n t e r e s t ,  s e e
Griliches (1977, pp. 12-13). The  add i t i on  o f  imper fec t l y  measured  exp lana-
t o r y  v a r i a b l e s  t o  t h e  e x p r e s s i o n  b e i n g  e s t i m a t e d  w i l l  b i a s  d o w n w a r d  t h e
c o e f f i c i e n t s  o f  t h e  a i r  p o l l u t i o n  v a r i a b l e s .

3 For  now,  we much p re fe r  to  leave  account ing  i ssues  about  what  the
es t ima te  mean  in  te rms  o f  na t iona l  economic  impac ts  to  more  adven tu resome
types .

loSee  Kao (1972, Chap. I I I  a n d  I V )  f o r  r e a d i l y  u n d e r s t o o d  t r e a t m e n t s
of  the lung as a mechanical  pump and as a gas exchanger.

11
Many  o f  these  responses  have  been es tab l i shed in  an ima l  ra ther  than

human studies. T h e  v a l i d i t y  o f  e x t r a p o l a t i n g  r e s u l t s  f r o m  t h e  f o r m e r  t o
t h e  l a t t e r  i s  a  m a j o r  s o u r c e  o f  c o n t r o v e r s y  i n  b i o m e d i c a l  s t u d i e s  o f
p o l l u t i o n  e f f e c t s  u p o n  o r g a n  s y s t e m s .

26



REFERENCES

A n d e r s o n ,  R . J . ,  J r . ,  a n d  T . D .  C r o c k e r , " T h e  E c o n o m i c s  o f  A i r  P o l l u t i o n :  A
L i t e r a t u r e  A s s e s s m e n t , ”  i n  P . B .  D o w n i n g ,  e d . ,  A i r  P o l l u t i o n  a n d  t h e

Soc ia l  Sc iences ,  New York :  Praeger  Pub l i shers  (1971) ,  133-166 .

Bouhuvs.  A. , G.J .  Beck ,  and  J .B .  Schoenberg . “ ‘ D o  P r e s e n t  L e v e l s  o f  A i r  P o l l u -
t i o n  O u t d o o r s  A f f e c t  R e s p i r a t o r y  H e a l t h ? "  N a t u r e  2 7 6  ( N o v .  3 0 ,  1 9 7 8 ) ,
466-471.

B u r e a u  o f  L a b o r  S t a t i s t i c s , H a n d b o o k  o f  L a b o r  S t a t i s t i c s ,  1 9 7 2 ,  B u l l .  1 7 3 5 ,
U.S. Department of  Labor,  Washington, D.C.:  USGPO (1972),

C a l a b r e s i ,  G . , and  D.  Bobb i t t ,  T rag ic  Cho ices ,  New York :  W.W.  Nor ton  (1978) .

C r o c k e r ;  T . D . , “ C o s t  B e n e f i t  A n a l y s i s  o f  C o s t - B e n e f i t  A n a l y s i s , ”  i n  H . M .
Pesken and E.P.  Sesk in ,  eds . , C o s t - B e n e f i t  A n a l y s i s  a n d  W a t e r  P o l l u t i o n
P o l i c y ,  W a s h i n g t o n ,  D . C . : The Urban Institute (1975), 341-360.

Crocker ,  T .D . ,  W.  Schu lze , S.  Ben-Dav id ,  and A.V.  Kneese,  Exper iments  in  A i r
P o l l u t i o n  E p i d e m i o l o g y ,  W a s h i n g t o n ,  D . C . : USEPA Publ icat ion No 60015-79-
001a (1979).

C r o p p e r ,  M . L . ,  “ H e a l t h , I n v e s t m e n t  i n  H e a l t h ,  a n d  O c c u p a t i o n a l  C h o i c e , ”
Journa l  o f  Po l i t i ca l  Economy 85(Dec .  1977) ,  1273-1294 .

Duesenber ry ,  J .S . ,  Income,  Sav ing , and the Theory of  Consumer Behavior,
Cambridge, Mass. :  H a r v a r d  U n i v e r s i t y  P r e s s  ( 1 9 4 9 ) .

E n g e l ,  G . L . , “The Need for  a New Medical  Model : A  C h a l l e n g e  f o r  B i o m e d i c i n e , "
Science 195  (Jan .  22 ,  1977) ,  129-136 .

E p s t e i n ,  S . “Env i ronmenta l  De te rm inan ts  o f  Human Cancer ,  Cancer  Research  34
(Oc t .  1974) ,  2425-2435 .

G o l d s m i t h ,  J . R . , a n d  L . T .  F r i b e r t ,  “ E f f e c t s  o f  A i r  P o l l u t i o n  o n  H u m a n  H e a l t h , ”
i n  A . C .  S t e r n ,  e d . , T h e  E f f e c t s  o f  A i r  P o l l u t i o n ,  3 r d  e d . ,  N e w  Y o r k :
Academic Press (1977).

G r e g o r ,  J . J . , I n t r a - U r b a n  M o r t a l i t y  a n d  A i r  Q u a l i t y ,  C o r v a l l i s ,  O r e . :  U S E P A
Pub l i ca t ion  No.  60015-77-009  (1977) .

G r i l i c h e s ,  A . , “ E s t i m a t i n g  t h e  R e t u r n s  t o  S c h o o l i n g : Some Econometr ic  Problems,”
Economet r i ca ,  45  (Jan .  1977) ,  1 -21 .

H i c k e y ,  J . L . S . , and  J .J .  Kearney ,  Eng ineer ing  Cont ro l  Research  and  Deve lopment
P l a n  f o r  C a r c i n o g e n i c  M a t e r i a l s ,  C i n c i n n a t i ,  O h i o :  U . S .  P u b l i c  H e a l t h
Serv ice  under  Cont rac t  No .  210-76-0147 (Sep t .  1977) .

27



Judge,  G.G. , W . E .  G r i f f i t h s ,  R . C .  H i l l ,  a n d  T .  L e e ,  T h e  T h e o r y  a n d  P r a c t i c e
o f  Economet r i cs ,  New York :  John  Wi ley  and  Sons  (1980) .

K a o ,  F . F . , A n  I n t r o d u c t i o n  t o  R e s p i r a t o r y  P h y s i o l o g y ,  A m s t e r d a m :  E x c e r p t a
Med ica  (1972) .

Kosha l ,  R .K. ,  and M.  Kosha l , “Env i ronments  and  Urban Mor ta l i t y ;  An  Ecnonomet r i c
Approach , " E n v i r o n m e n t a l  P o l l u t i o n 4 (June 1973).  ,  247-259.

L a v e ,  L . B . , and E.P.  Sesk in , “ A i r  P o l l u t i o n  a n d  H u m a n  H e a l t h , ”  S c i e n c e  1 6 9
(Aug.  21 ,  1970) ,  723-733 .

A i r  P o l l u t i o n  a n d  H u m a n  H e a l t h ,  B a l t i m o r e :  J o h n s  H o p k i n s  U n i v e r s i t y
Press  (1977) .

L i u ,  B . , and  E .  Yu ,  Phys ica l  and  Economic  Damage Func t ions  fo r  A i r  Po l lu tan ts
by  Receptor ,  Corva l l i s ,  Ore . :  USEPA Pub l i ca t ion  No.  60015-76-011 (1976) .

McDonald,  G.C., and R.C. Schwing, “ I n s t a b i l i t i e s  o f  R e g r e s s i o n  E s t i m a t e s
R e l a t i n g  A i r  P o l l u t i o n  t o  M o r t a l i t y , ”  T e c h n o m e t r i c s 15  (1973) ,  463-481 .

McKelvey ,  R.D. ,  and W.  Zavo ina, “ A  S t a t i s t i c a l  M o d e l  f o r  t h e  A n a l y s i s  o f
Ord ina l  Leve l  Dependent  Var iab les , ”  Journa l  o f  Mathemat ica l  ‘Soc io logy
4  (1975) ,  103-120 .

Mende lsohn,  P . ,  and  G.  Orcu t t , “ A n  E m p i r i c a l  A n a l y s i s  o f  A i r  P o l l u t i o n  D o s e -
Response Curves,”
(1979) ,  85 -106 .

Journal  of  Environmental  Economics and Management 6

M o r r i s ,  S . C . ,  M . A .  S h a p i r o ,  a n d  J . H .  W a l l e r , “Adu l t  Mor ta l i t y  in  Two Commun-
i t i e s  w i t h  W i d e l y  D i f f e r e n t  A i r  P o l l u t i o n  L e v e l s , ”  A r c h i v e s  o f  E n v i r o n -
m e n t a l  H e a l t h  3 1  ( 1 9 7 6 ) )  2 4 8 - 2 5 4 .

N e l s o n ,  F . , and  L .  O lson , “ S p e c i f i c a t i o n  a n d  E s t i m a t i o n  o f  a  S i m u l t a n e o u s -
E q u a t i o n  M o d e l  w i t h  L i m i t e d  D e p e n d e n t  V a r i a b l e s , ”  I n t e r n a t i o n a l  E c o n -
omic Review 19 (Oc t .  1978) ,  695-709 .

P o i r i e r ,  D . J . ,  a n d  A  M e l i n o , “ A  N o t e  o n  t h e  I n t e r p r e t a t i o n  o f  R e g r e s s i o n  C o -
e f f i c i e n t s  w i t h i n  a  C l a s s  o f  T r u n c a t e d  D i s t r i b u t i o n s , ”  E c o n o m e t r i c a ,  4 6
(Sept.  1978))  1207-1209.

Ramsey, J.B., “ T e s t s  f o r  S p e c i f i c a t i o n  E r r o r s  i n  C l a s s i c a l  L i n e a r  L e a s t
S q u a r e s  R e g r e s s i o n  A n a l y s i s , ”  J o u r n a l  o f  t h e  R o y a l  S t a t i s t i c a l  S o c i e t y
Series B 31  (1969) ,  350-371 .

Second  Task  Force  fo r  Research  P lann ing  in  Env i ronmenta l  Hea l th  Sc ience ,
Human Health and the Environment:
D.C. :

Some Research Needs, Washington,
USDHEW Publ. No. NIH 77-1277 (1977).

28



Smi th ,  V .K . ,  The  Economic  Consequences  o f  A i r  Po l lu t ion ,  Cambr idge ,  Mass . :
Ballinger Publishing Co. (1977).

Survey  Research  Center ,  A  Pane l  S tudy  o f  Income Dynamics ,  Ann Arbor :  Ins t i tu te
f o r  S o c i a l  R e s e a r c h ,  U n i v e r s i t y  o f  M i c h i g a n  ( 1 9 7 2 ) .

Tobacco Tax Counci l ,  Inc. ,  The Tax Burden on Tobacco, Washington, D.C.:  Tobacco
T a x  C o u n c i l ,  I n c .  ( 1 9 7 8 ) .

T romp,  S .W. ,  Med ica l  B iometeoro logy ,  Amsterdam:  E lsev ie r  Pub l i sh ing  Co.  (1962) .

U.S. Bureau of the Census.,  County and City Data Rook, 1377, Washington, D.C.:
U . S .  G o v e r n m e n t  P r i n t i n g  O f f i c e  ( 1 9 7 8 ) .

W a l l a c e ,  T . D . ,  " P r e t e s t  E s t i m a t i o n  i n  R e g r e s s i o n ;  A  S u r v e y , "  A m e r i c a n ,
Journa l  o f  Agr i cu l tu ra l  Economics .  50  (Augus t  1977)  431-443 .

29



THIS PAGE INTENTIONALLY LEFT BLANK


